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Abstract 
Dryland salinity is claimed to be potentially the nation's greatest environmental 
problem. In NSW, it occurs mainly in the upland areas in the south-east of the State. 
This region is part of the Murray-Darling Basin and has the potential to contribute to 
its worsening salinity. This thesis examines the nature of its occurrence in this area, 
and the implications for its remediation. 
There are two opposing models of the causes of dryland salinity. The first, a more 
long held view, is that salinisation is localised, restricted to particular soils and 
landforms, restricted in its spread, episodic in its development, and responsive to 
mitigation measures within its own local catchment or recharge area. A more recent 
view is that the problem is one of regional dimension, driven by rising regional 
groundwater systems, progressive in its spread, and having the potential to degrade 
large areas with serious off-site consequences, principally as a result of increasing 
stream salinity. Here, the genesis of the problem is seen as the widespread clearing of 
timber in regional recharge areas following European settlement. The chief remedy 
proposed is to restore tree cover; with up to 50 percent of the higher rainfall zone in 
the Murray-Darling Basin being replanted to trees. 
The opposing models differ greatly in their conception of the magnitude of the 
problem, and its potential for expansion. They present widely different management 
and policy options for its mitigation. The social and economic impacts of any 
programs proposed similarly differ. 
This thesis uses aerial photography, site inspections, and farmer interviews to trace 
the development of dryland salinity in the south-east region of NSW. The findings 
are compared with the expectations from the two models. 
It was found that dryland salinity across the region was not a recent phenomenon. 
One site developed before 1900 and there were episodic periods of expansion in the 
1930s and 1950s to 1960s, with most sites reaching their maximum extent by the 
early 1970s. Most sites occurred as isolated outbreaks, associated with local 
landscape features and soil types. Their development appeared to be closely related to 
changes in rainfall patterns, to past land use and management of the affected sites 
themselves, and their local recharge areas. There was no evidence of continued 
expansion in the last two decades, and little evidence of any progressive spread, 
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either spatially or temporaly, as projected from regional watertable modelling. 
However the conditions that predispose lands to dryland salinity still exist, and there 
could be an extension of the problem in the future. 
. In a limited number of cases, rehabilitation of former saline areas has been achieved 
at the local property level. Here the landholders had broader objectives than solely 
controlling salinity. Their primary objectives were to develop more productive and 
sustainable farming systems. The improved practices introduced also overcame other 
associated land degradation problems. These measures, at a local recharge level, were 
effective within a reasonably short time. Although long term regional programs may 
be needed, the study showed that many of the incidences of local salinity 
development appear to be associated with local factors. Successful treatment at a 
local property level appears to confirm this. Such treatments have the potential to 
reduce salt flushes from farm lands to streams. The success of these treatments is not 
consistent with the regional groundwater model. Tree planting on the scale proposed . 
from this model, may not be necessary; and the development and adoption of more 
sustainable farming systems widely across landscapes may largely redress the 
situation. These systems in themselves would include more trees. This approach 
would not require the huge capital investment necessary with tree or engineering 
solutions. The necessary treatments would be more within the reach of individual 
landholders, and would be much less disruptive to the existing agricultural 
infrastructure and community life than the massive tree planting programs proposed, 
and may ensure a better allocation of resources overall. More support at the local 
community level should also be achievable. 
Dryland salinity is a symptom as well as the result of unsustainable land use and 
management. It is concluded that reduction in the hazard does not depend on· a 
singular approach such as tree planting, but principally on the development and 
adoption of more sustainable and productive farming systems. Technology is ~eing 
developed that could provide the basis for such systems. Means also must be 
developed to foster their wider adoption. 
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1 INTRODUCTION 
1.1 Setting the Scene 
Dryland salinity has been referred to as potentially the nation's greatest 
· environmental problem (Soil Conservation Service ofNSW, 1988). In the uplands of 
south-eastern NSW, concern is highlighted by the fact that the problem mainly occurs 
in part of the headwaters of the Murray-Darling Basin, and has potential to contribute 
to a worsening salinity in streams. The headwaters of streams forming part of the. 
Sydney water supply catchment are also affected . 
. Most of the affected lands lie within the South-East Region of the former Soil 
Conservation Service of NSW, and in this thesis, studies have been confined to this 
region (Fig. 3.1). Earlier studies (Soil Conservation Service ofNSW, 1988) showed 
the total area actually affected by salinity within the region is quite small. The 
problem is confined to its northwestern section and within this area significantly less 
than one percent (0.49 percent) of the total area is affected by salinity. It is more 
concentrated in the Yass Valley, where a little more than one percent (1.2 percent) of · 
land is affected (Nicoll & Scown, 1993). 
Until recently, the problem was largely seen as one of a localised nature, restricted in 
its spread and responsive to measures for its mitigation within its own local 
catchment or recharge area. Outbreaks of salinity were linked to particular periods, 
leading to the perception that it was largely episodic. As only small areas were mostly 
affected, the problem was often ignored or perhaps went unrecognised. 
Over recent decades, a different model of dryland salinity has been presented. In it, 
salinity is driven by rising regional or deep groundwater systems, is progressive in its 
spread, and has the potential to degrade large areas with serious off-site 
consequences, principally through contributing to stream salinity. It is largely seen as 
·having its genesis in the widespread clearing of timber in regional recharge areas 
following European settlement. The chief remedy proposed is to restore this tree 
cover. Models have been developed which suggest that within the Murray-Darling 
Basin, 30-50 percent of the upland areas in the 600-800mm annual rainfall zone 
should be replanted to trees. The models rely on the single measure of restoring trees 
· for recharge control, and it is accepted that large parts of the Basin's present 
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agricultural zone would be taken out of production. None of the current fanning 
systems, even at the best level of practice, are considered capable of reducing 
leakages to groundwater, sufficient to prevent dryland salinity. The scale ofland use 
change needed to address the hydrological imbalance is seen as beyond current 
resources, and raises other dilemmas, including trading off salinity and water )'ield 
(Murray-Darling Basin, Salinity Audit, 1999). This model is challenged in this study. 
The target area proposed for replanting includes all of the area of this study falling 
within the Murray-Darling Basin. More than 90 percent of this area within the Basin 
has been cleared for agriculture, principally grazing. As well, it has been suggested 
that such recharge control options are likely to have only limited results in any 
reasonable time scale, and either engineering options must be adopted, or we will · 
have to live with salt over large areas (Walker, 1997). 
1.2 Definition of Dryland Salinity 
In this thesis dryland salinity is defined as the concentration of salts under dryland. 
conditions in surface horizons, or at the soil surface itself, sufficient to inhibit or · 
prevent plant growth and adversely affect the physical and chemical properties of the 
' 
soil itself. Dryland salinity as it occurs in the South-East Region, NSW, is defined by. 
the Report of the Working Party on Dryland Salinity in Australia, (1982), as induced 
topsoil salinity (Type 4:1). It is induced in the sense that lands have become saline as 
a result of land use changes since European settlement. As defined, the occurrence of 
· this form of salinity is associated with the presence of a saline watertable which rises 
periodically within capillary reach of the soil surface. The presence of a watertable 
has been used to distinguish this form of dryland salinity from that occurring in more 
arid areas, and is frequently referred to as 'scalding'. 
Bullock (1986) noted the ambiguity in the Australian terminology used to describe 
salt-affected lands, particularly in regard to the term 'scalding', which may be used to · 
describe denuded surface conditions, either in the presence or absence of a 
watertable. He suggested that the term 'seepage scald' be used to oover all areas that 
are a result of groundwater discharge, and that the term 'dry scald' be reserved for 
those saline areas not affected by groundwater discharge. 
The term 'dryland salinity' is simply used to describe all forms ofland degradation 
associated with secondary salinisation in the more humid eastern parts ofNSW. 
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1.3 Nature of the Phenomenon 
Dryland salinity may predispose lands to subsequent problems such as soil erosion, 
contribute to stream salinity and poor water quality, and reduce the stability of 
structures in the built-up environment. In this study, the principal concern is the 
degrading effects on agricultural lands and the associated environments. 
Northcote and Skene (1972), noted that many factors determine the soil levels of 
salinity, alkalinity and sodicity that affect plant growth. These include: the 
composition of the salts; the moisture regime of the soil; nutrient status and 
mechanical composition of the soil profile; and the particular rooting habit, age and 
tolerance, both to the total salts and to specific ions in the soil solution of plant 
species. Management practices imposed on the soil and the crop also have their 
influence. 
Other adverse properties of sodicity and alkalinity may develop following soil 
salinisation and may remain even when the soluble salts have been removed. 
However, salinity problems in the South-East Region ofNSW appear more related to 
the combined effects of salinity and sodicity. 
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Figure 1.1 The effects of salting on the soil (Logan, 1958) 
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The combined effects of salinity on soils and plant growth result in: 
• Reduced plant growth and denuded landsurfaces which have reduced capacity 
to use available moisture; 
• A highly deflocculated powdery and dispersible topsoil very vulnerable to 
erosion. 
• Exposed highly impermeable surface horizons with reduced infiltration, 
which increases surface runoff, and reduces redistribution of salts down the 
profile; and 
• Perched watertable conditions above impervious soil horizons with high 
salinity levels and high pH levels in surface horizons. 
Off-site effects include increased stream salinity and sediment load. 
Salts accumulate as a function of a number of interrelated factors. These include the 
salt content of the groundwater, the rate of capillary movement of groundwater to the 
surface, the rate of evaporation, the amount of water percolating down through the 
profile, and recharge. Groundwater does not have to be high in salt, as evaporation 
can readily concentrate it to toxic levels in surface horizons. Groundwater levels 
may intersect the soil surface or come within capillary fringe/range, generally within 
2 metres of the surface (Nulsen.1981 ), or groundwater pressures may be sufficient to 
overcome relatively impermeable conditions in its upward movement through the 
profile. In a well-drained soil, rainfall infiltration may be sufficient to prevent the 
accumulation of salt in surface horizons. Conversely, however, periods of wet years 
raise groundwater levels and predispose susceptible areas to salinity. 
There has long been an awareness for the need to restore the hydrological balance of 
catchments to mitigate salinity problems. In the past, most problems have generally 
been assessed and treated at a local level. In addition to the above factors, it was 
frequently observed that geological and topographical influences may bring the 
watertable close to the surface in certain situations, and set limits to the area of 
recharge. 
1.4 Magnitude and Extent of Dryland Salinity 
So much publicity has been given to dryland salinity and its potential for spread in 
recent years that it has come to overshadow in the public mind most other land 
degradation problems such as soil erosion, soil acidity, soil structure and fertility 
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decline, weeds and other related environmental problems. Indeed it has been claiined 
that it is 'one of the single most devastating environmental problems affecting rural 
Australia' (Scott, 1991). Based on the area assumed to be at risk, and the hypothesis 
that its spread is progressive in nature, with an assumed predictable rate, a many~fold 
increase is expected in the area affected in future years. Data for the whole of · 
Australia, on a state basis, in Table 1.1 show the extent and increase in dzyland 
salinity. 
Table 1.1 Extent of dryland seepage salinity - Australia ('000 ha) 
QLD NSW VIC TAS SA 
1982 8 4 90. 5 55 
1990 8* 14 100 8 225 
From Working Party on Dryland Salinity (1982), Williamson (1990) 
*No new data since 1982 for Queensland 
(Published in Yearbook Australia 1990, Australia Bureau of Statistics.) 
WA NT 
264 0 
443 0 
AUST 
426 
798 
The above data have been interpreted as a very serious worsening of dryland salinity 
from 1982 to 1990, with a very significant rate of increase b.etween the two periods. 
The implication is that this will continue into the future, together with the off-site 
consequences (Tassell, 1994). It will be shown in this thesis that the data for NSW in . 
the above table, Table 1.1, is fundamentally flawed, and that the projections made . 
from it are questionable. 
1.5 Two Models of Dryland Seepage Salinity 
An examination of the literature on dryland salinity, largely presents two schools of 
thought on the nature and development of dryland seepage salinity, its potential for 
spread, and the measures that should be adopted for its control and mitigation. 
Many early workers in eastern Australia saw dryland salinity largely as a localized 
phenomenon generally restricted in its spread to particular soil groups; and 
principally associated with local shallow or perched watertables, and involving 
processes and mechanisms mainly within the soil profile itself. Its occurrence was a 
function of position in the landscape, and this in itself imposed limits on its potential 
spread. Its general distribution fell within a certain range of annual precipitation 
( 400mm-800mm/y). It was largely seen as episodic or spasmodic in its development; 
outbreaks being influenced by patterns of rainfall. Although there was an awareness 
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of the need for the restoration of a better hydrological balance in associated 
catchments, the problem was seen as responsive to local measures; some of a 
relatively short term nature. The need for wider community involvement was not 
commonly acknowledged. 
In contrast to the above much of the current opinion is that dryland salinity is·of 
much wider regional dimension; mainly driven by steadily rising deep (regional) 
. · . groundwater systems; resulting in progressive salinity development, predictable in its · 
spread, with the potential to affect much greater areas. The remedy is to reduce 
recharge and lower groundwater levels on a regional scale. Measures proposed need 
longer time scales than previously considered. Programs suggested also have much 
greater implications for public policy and wider community involvement. More 
recently, a more pessimistic view put forward is that little can be done to mitigate the 
perceived potential problem within an acceptable time frame, and farmers must learn 
to live with it (Walker, 1997). 
Recharge of deep and shallow groundwater systems frequently occur simultaneously . 
. Their combined effects may contribute to dryland salinity, and it may be difficult to 
distinguish their separate effects. 
1.6 Aims of this Thesis 
The aims of this thesis are to review d.ryland seepage salinity in South-Eastern New 
South Wales to determine which of the two alternative models describe the problem 
and to suggest management strategies. 
Some of the different aspects of the dryland salinity problem to be examined within 
the thesis are: 
i The history of salinity development. 
11 The extent and magnitude of the problem. 
iii The rate of dryland salinity expansion. 
iv The nature of this expansion. 
v The causes of dryland salinity. 
VI The feasibility of achieving salinity abatement within an acceptable time 
frame. 
vii Measures and programs being proposed for salinity abatement in their 
biophysical and socio-economic aspects. 
vtn Alternative management strategies. 
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ix The current situation in regard to the actual development of programs, and 
their implementation; and 
x Future Goals - Salinity and Sustainability. 
The thesis begins with a review of relevant literature. This is followed by a general 
assessment of the dryland salinity problem, and of the particular situation in the 
South-East Region; as currently documented. Observations on selected case studies 
across the region, covering the headwaters of all the principal catchments, are then 
presented. Sites for study will be chiefly drawn from Wagner's (1986) study; plus 
some additional sites to give a fuller coverage of the region. Collectively they cover 
the main known outbreaks of dryland salinity in the region. Studies involved field 
inspections, examination of sequential aerial photography covering each site, and 
discussions with landholders and other workers associated with the problem. 
Findings from these observ~tions, the associated land use and management, and other 
factors related to the development and treatment of the problem up until the present 
time are then examined. The development of salinity abatement programs, principally 
in terms of the development of improved land use and management systems, are then 
proposed. Finally, conclusions are drawn as to the magnitude and nature of the 
problem; and how the measures proposed for its abatement might best be adopted. 
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2 DRYLAND SALINITY 
2.1 Impact of Salinity on Plants 
The most obvious effect of high salinity in the field is on plant growth. It may 
prevent plant establishment, cause the death of plants, or significantly inhibit their 
growth, and overall modify the plant environment. Different plants exhibit different 
levels of salt tolerance. Some may be sensitive to certain levels of salinity at the 
germination stage but may be quite salt tolerant once established. In other species the 
reverse situation may apply. Some early workers suggested that plants could be 
classified (Burvill, 1950), as 'salt tolerant' and 'salt escaping'. Whilst sonie plants 
have true tolerance to high levels of salt, others establish and grow when salt levels 
are low, and are dormant when it is high. Some deep rooting plants have the 
capability to escape the effects of salting by drawing water from less saline lower 
levels in the soil profile. 
Plant growth may be affected, directly or indirectly, by salinity. Specific ions in the 
soil water can be toxic to plant growth. Under extreme conditions, alkali salts, 
corrosive to plant tissue may be formed, and are much more inhibiting to plant 
growth than purely saline conditions. However, the principal inhibiting effect of 
excess salinity on plant growth is through its effect on osmotic pressure. Increasing 
salt concentrations in soil solutions increases their osmotic pressure, and results in a 
greater total soil moisture stress which must be overcome by the plant to obtain its 
water needs. Uptake of water may be restricted or entirely prevented by such a 
process. The ability of plants to obtain water in saline conditions varies. 
2.2 Soils and Salinity 
Excess soluble salt, the main characteristic of salt-affected land, is associated with 
the soil sodicity and alkalinity which may remain, even when the soluble salts have 
been removed (WPDSA, 1982). Although there is no precise definition of a saline 
soil for all situations, the criteria developed by Northcote and Skene for the Council 
of the International Society of Soil Science covering Australia, Table 2.1, have been 
widely adopted. These are based on a definition of salt-affected land as 'land which is 
saline, or sodic or strongly alkaline anywhere within the top metre of the soil profile 
according to the criteria as set out in Table 2.1 '. 
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Northcote and Skene (1972) matched the chemical criteria from Table 2.1 with the 
morphology of the principal profile forms ofNorthcote's "Factual Key for 
Recognition of Australian Soils" (1971) to map saline and sodic soils in Australia. 
Previously Stephens (1962) and Hawkins (1972) had delineated a number of great 
soil groups with profile morphologies attributable to the effects of soluble salts. 
These included solonchaks, solonetz, solodised solonetz, solods, and solonised 
brown soils. Stephens mapped their distribution in NSW. There was little chemical or 
morphological data to support such work, but Hawkins (Hamilton, 1972) fairly 
accurately estimated the total dryland salt-affected area in NSW. 
Northcote and Skene had mapped the soils in the study region largely affected by 
salinity as 'non-alkaline sodic duplex soils' with neutral to acid pH values. The 
nature of the susceptible soils is often ignored in current projections on the potential 
expansion of dryland salinity. 
Table 2.1 Criteria for salinity, sodicity and alkalinity (adapted from Northcote 
and Skene, 1972) 
non-saline no chloride salinity in either the surface 
soil or subsoil as defined for categories 
below 
Salinity surface salinity soils having in their A horizons (or in the 
surface 20 cm if, either the A and B horizons 
are undifferentiated, or, the A horizon is <10 
cm thick) electrical conductivity (Ee/) 
values more than 400 mS m·1, (more than 
about 0.1 % sodium chloride) in loams and 
coarser soils, and more than 800 mS m-1 
(0.2%) in clay loams and clays. 
subsoil salinity soils lacking surface salinity, but having 
Ece values more than 1200 mS m"1 (0.3% 
sodium chloride) in the B horizon or 
below 20 cm if the A and B horizons are 
undifferentiated. 
non-sodic *ESP <6 
Sodicity sodic *ESP 6-14 
strongly sodic *ESP >15 
acidic or slightly alkaline pH <8.0 
Alkalinity alkaline pH 8.0-9.5 
strongly alkaline pH>9.5 
* Exchangeable Sodium Percentage 
+ Electrical Conductivity of Saturation Extract at 25°C 
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2.3 The Hydrologic Cycle 
Outbreaks of dryland salinity are frequently considered in terms of changes to the 
hydrologic cycle and the resultant mobilising and transport of salts in the landscape. 
Generally, it is assumed that a state of hydrological equilibrium prevailed prior to 
European settlement of Australia. 
The generally accepted definition of groundwater is that component of water which 
has percolated down to the saturated zone. The watertable represents the upper 
surface of the saturated zone where the hydrostatic pressure is equal to atmospheric 
pressure. A distinction is also made between (a) regional deep groundwater systems 
contained in deep aquifers that underlie any number of surface catchments and (b) 
discontinuous local or shallow groundwater systems held in perched aquifers which 
generally more closely conform to the local landsurface. 
Two principal processes, or mechanisms, may be distinguished in the downward 
movement of water from the soil surface. The first is infiltration from the soil surface 
into the soil mass by downward advance of the wetting front, followed by 
. percolation from the soil mass down to the saturated zone. These two processes are 
complementary. and some workers refer to the downward movement of water below 
the root zone as 'deep percolation'. In dryland salinity the term seepage is often used 
synonymously to cover both these terms as well as to cover upward movement by 
capillary rise and shallow lateral movement. 
The components of flow are often simply broken down into surface flow (Hortonian 
flow), interflow and baseflow. Interflow as the intermediate sub-surface flow 
component moves laterally downslope through the soil and coarse grained material 
with some losses back to the surface as saturated overland flow or to below the 
watertable as baseflow. Baseflow represents the proportion of precipitation that 
ultimately moves down to the saturated groundwater system, and downslope in the 
saturated zone. 
Further subdivisions of sub-surface flow are frequently made with 'throughflow' 
representing the upper flow component that moves laterally downslope through 
certain soil horizons and is depleted en route by losses from evaporation and 
evapotranspiration, saturated overland flow and downward percolation; and interflow 
being defined as the lower flow component which similarly moves laterally 
downslope with most losses to groundwater and some to the surface under certain 
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conditions or by evapotranspiration losses when tapped by deep-rooted plants such as 
trees. A simple model useful in this study is as given by More (1969), Figure 2.1. 
Figure 2.1 The components of the basin hydrological cycle (More, 1969) 
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Importance has been placed on different components of flow as the causal 
mechanisms in the development of dryland salinity. In Western Australia there has 
been controversy between the importance of rising deep groundwater tables and 
'throughflow' (Conacher, 1975)(Whittington, 1975). In recent studies in NSW, there 
has been a greater emphasis on the rising deep groundwater table hypothesis, 
neglecting studies of the pedological, geomorphic and climatological attributes and 
the other processes involved in association with the prevailing land use and 
management. As a result, whilst there has been a great deal of work on groundwater · 
. monitoring, no dynamic interpretation of the develo~ment of the problem has 
emerged. The most repeated message is that regional (deep) watertables, or 
groundwater pressures are rising, and this will cause massive expansion in the ar~a of 
dryland salinity. 
2.4 Dryland Salinity in Australia. 
An overview of salinity in Australia is given by Ghass~ et al (1995) and State of · 
the Environment Australia (1996). Here we consider salinity development in 
individual States. 
2.4.1 Western Australia 
References to dryland salinity in Western Australia occur as early as 1897. However, 
it was not recognised as a potential significant land degradation problem until 
sometime later (Wood, 1924). Western Australia has built up an extensive literature 
on the subject. The later recognition of dryland salinity in other States has meant that 
this work has been widely drawn upon, and has very much influenced thinking as to 
· the nature of the problem. 
Prior to World War II, Teakle and Burvill (1938) carried out investigations into 
salinisation, because of the mounting concern. By this time many farms in the wetter 
parts of the wheat belt near to salt lakes had been abandoned to wheat growing. They 
noted rising groundwater levels and associated this with land clearing for wheat 
growing, and recorded that the predominant salt was sodium chloride. Teakle (1938), 
in a separate study, viewed the problem as an ephemeral one representing a stage in 
the development ofland for crop production. Ultimately the excess salts that had 
built up in the soil would be leached out and a balance at levels not toxic to crop 
production would be established. In terms of land development, he in effect, 
· recommended more of the same. 
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A subsequent paper on the Post War Period by Burvill (1947) supported the 
hypothesis of rising watertables, following extensive clearing, as the cause of the 
spread of dryland salinity. Millington et al. (1951) attributed seepage to three 
different mechanisms. These were: 
• Summer moist areas. Springs and seepages commonly developed some years 
after clearing on the sides of gullies and hillside slopes in the 400-750mm 
rainfall areas. Excess subsoil moisture accumulated from the winter intake of 
rain was brought to the surface by impervious subsoil layers and the soils 
remain wet throughout the year. Evaporation at the surface concentrated salts 
and bare sterile patches resulted. A few centimetres below the surface the salt 
concentration in the soil might be quite low. 
• Salting due to valley waterlogging. Related to the above but larger areas 
affected where the topography was flatter in the outer wheat belt. Broad flat 
valleys were affected by rising watertables. This followed agricultural 
development, and wet winters like 1945 and 1946 accentuated the problem. 
Salt water, about the concentration of sea water, originally occurred at depths 
of 5-1 Om in many places but now was found in borings within 2m of the 
surface. From such shallow depths the water readily reaches the surface by 
capillary rise and evaporates, leaving the salt in the surface soil. 
• Salt patches without shallow water tables. Bare salt patches develop after 
clearing on some of the heavier soils and the powdery 'morrel' soils of the 
outer wheat growing areas with 280-360mm annual rainfall. These soils occur 
on the flats or gentle slopes of the valleys of the salt lake systems, but it was 
also common to find salt patches on similar soils in the higher parts of the 
landscape. These soils contain quite large amounts of salt before clearing, and 
although the groundwater level, if any, is Sm or more from the surface, yet 
redistribution of salt occurs in the upper layers; and bare patches, often caked 
and hard, develop due to salt concentrations. 
In the subsequent years, there was considerable controversy as to the role of flow 
mechanisms and salt sources in the development of the widespread salinity that was 
occurring. Boughton (1970), and Holmes (1971), supported the rising deep 
groundwater table hypothesis.The cause of the problem was seen as the widespread 
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clearing of trees, and the replacement of deep-rooting perennial plant communities 
. with annual crops and pasture with comparatively shallow root systems. Under a 
Mediterranean-type climate this resulted in a decrease in the amount of water lost 
from the soil by evapotranspiration and an increase in the amount of water recharging 
of groundwater systems. Consequently a rise in groundwater levels to at least within 
the capillary fringe of the soil surface occurred. Concentration of salt by evaporation 
of soil water at the surface increased the salinity to levels that could not be tolerated 
by most crops and pasture plants. The Department of Agriculture, WA, concluded 
that it was not possible to reverse or remedy the situation directly, and the the most 
effective form of amelioration was to revegetate the affected areas with salt-tolerant 
plants. 
The controversy was heightened with the publication by a farmer, H.S. Whittington 
· (1975) of his account of how he had regenerated farming land seriously degraded by 
salt encroachment on his property 'Springhill', Brookton, WA, by using a system of 
'interceptor banks'. From monitoring water flow on his own property he concluded 
that the cause of dryland salinity was throughflow, the lateral downward movement 
of water within the soil above a plough sole or hardpan which had developed as a 
result of farming practices, since the property was first settled and cleared. 
Whittington believed salinisation was in no way associated with a deeper rising 
groundwater table. His system of interceptor banks was designed to intercept the 
throughflow moving downslope and remove the impervious hardpan and allow the 
water to percolate through the deeper subsoil layers to the deeper groundwater system 
where it would no longer contribute to throughflow. 
Conacher (1975) tested the 'throughflow' model of Whittington, for several 
locations in the WA wheat belt. He concluded that soluble salts move from the 
catchments to the valley bottoms by a combination of: (1) occasional overland flow; 
(2) throughflow, and (3) streamflow down minor tributaries. The water supplied to 
the valley bottoms is prevented from percolating to deeper levels by a thick 
impermeable hardpan. This hardpan is the upper confining layer of the deeper aquifer 
system in which the groundwater is under pressure. Surface or near-surface 
waterlogging of the valley bottoms is essentially a shallow perched water table 
phenomenon. Evaporation during summer concentrates the salts in the valley bottom 
materials leading to very high salinity levels. The water inputs responsible for the 
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increased extent and duration of saturation of scalded soils, since clearing, appear to 
be derived primarily from an increase in throughflow and less from overland flow. 
In an earlier paper, Conacher and Murray (1973) stated that salt scalds must be 
related to landsurface characteristics and that there was no evidence to support the 
'prevalent view that rising groundwater tables had caused salt scalding. They 
concluded, that in the area of study, there was no conclusive evidence of widespread 
rise in the groundwater table. Conacher (1975) noted the observation of Whittington 
that over a 12 month period, up to 56% of precipitation had been distributed as 
throughflow and only 9% by overland flow on valley side slopes. From his studies 
Conacher ( 197 5) concluded that measured salinity concentrations of throughflow 
waters increasing downslope to the valley bottoms were clearly sufficient to explain 
the build up of salinity in salt scalds to toxic proportions. He did accept, however, 
that where piezometric heads of groundwater are above the ground surface, it is quite 
possible that the water may gradually diffuse through the hardpan and thus contribute 
to salt scalding. 
The hypothesis of throughflow as a principal mechanism in the development of 
dryland salinity and interceptor banks as the means of control was accepted by a large 
and influential group of farmers in the wheat belt. However the Department of 
Agriculture, WA, concluded that the development of dryland salinity was caused by 
rising groundwater tables following widespread clearing for agricultural 
development, and as rising watertables could not be treated, since it would not be 
feasible to return large areas back to natural vegetation, farmers would have to live 
with the problem. Research was conducted into the use of salt-tolerant plants and 
associated agronomic management practices, and this approach has largely continued 
until the present time .. It is somewhat ironic that whilst the extension of salinisation 
was being observed across the wheatbelt, in the middle and late 1960s, a :further one 
million acres (400000 ha) were being cleared of natural vegetation each year for the 
expansion of agricultural production; as a consequence of government policy. 
Conflicting points of view became so strong in the late 1970s, that in July 1977 a 
Public Works Department investigation was set up to examine the Whittington 
interceptor system. A separate report was also requested from Professor J.W. Holmes 
as an 'independent' consultant. The prime objective of the first investigation was to 
study the effects of the interceptor bank system on stream salinity (mainly off-site 
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effects) whilst Professor Holmes' brief was to advise on its potential to control land 
and stream salinity. Both reports concluded that the main source of stream salinity 
was from deep groundwater or deep seepages. Holmes (1979) went on to state that 
the only answers to the problems were: (a) to install deep drains and to dispose 
safely of the saline drainage water; or (b) to re-establish a woodland community upon 
strategic landscape locations so as to return the valley and slope hydrology to its 
pristine condition. The choice would probably depend upon whether reclamation of 
salt-affected land, or the protection of the quality of stream water was the 
predominant need. Holmes concluded that the transportation or translocation of salts 
through 'very poorly permeable strata' in sufficient quantity by the process of 
'throughtlow' was not feasible from a number of aspects. 
In spite of the above reports, farmers, principally through the WI SAL TS group, 
continued to install interceptor bank systems, claiming some measure of success; 
whilst Conacher et al (Part. I, 1983) not very convincingly defended their use in the 
dewatering of perched soil-water systems, admitting they were only partly successful. 
Failures were blamed on either incorrect design and construction, or on unfavourable 
soil properties. They concluded that whilst throughtlow may provide the dominant 
input of water to salt-affected land, increased groundwater discharges may provide 
the main mechanism for the mobilisation of in-situ salts beneath salt scalds. It was 
therefore desirable to implement measures to control both mechanisms. The ideal 
method to do this was likely to involve farm management strategies on saltland 
catchments, employing commercially useful vegetation which simulates the 
hydrological role of the native species, in conjunction with the improvement in 
throughtlow control systems. 
Negus (1987) showed, after fourteen years of monitoring, that there was no evidence 
that seepage interceptor drains and banks had reduced the topsoil salinity on 10 of the 
11 sites in three shires within the wheat belt of WA. In fact, topsoil salinity had 
significantly increased at four of these sites, one site had shown a significant decrease 
and the remaining six showed no significant change. Other papers by McFarlane et 
al. (1990) generally supported these findings. Current research and investigation 
programs and extension programs in WA are principally based on the premise that 
rising watertables are the cause of salinity and that efforts should be directed towards 
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the most productive use ofland marginally affected by salinity. There are three 
principal avenues of work: 
• Biological revegetation programs. Much of this is summarised by George et 
al. (1993) and includes everything from various tree planting strategies in 
both high and low rainfall areas, perennial and annual pasture mixtures, 
combinations of mixed stands of shrubs (principally saltbushes), to sown 
species of perennial grasses and legumes plus other low value volunteer 
herbaceous species (normally considered weed species). Much of this latter 
work using various species of saltbushes in combination with dry weed 
species is very interesting in terms of the more productive use being made of 
the marginally affected areas (Warren and Casson, 1992). These programs 
have dual objectives: (a) to make more productive use of the land, and (b) 
have some positive effect on watertable levels. 
• Engineering options. Principally these involve drainage systems. George and 
McFarlane (1993) cover most of the options for drainage, from the relatively 
low cost bank systems to the very high cost deep drainage and pumping 
systems. In drainage systems generally, there has to be some lower point for 
drainage discharge. The soils also have to be sufficiently permeable to permit 
effective drainage. Finally the overall costs must be less than the value of the 
asset being protected. Such systems may be used singly or in conjunction with 
revegetation systems, but cost is a significant factor. 
• Hydrogeological and geophysical studies. A wide range of groundwater 
hydrology and water balance studies have been undertaken. Hydrogeological 
studies by Lewis (1992) in the Northam area (WA) involved the development 
of predictive mQdels. of groundwater recharge, discharge and salinisation. 
Such studies should give a better understanding of groundwater systems and water 
balance characteristics, and suggest the land use and management options that may 
be applied, and the magnitude of the changes that must be made. However, they have 
their limits in broad application across different landscapes and climates, and 
although they may represent a more rational approach to salinity prevention and 
control, it appears that treatments will largely remain symptomatic . 
. ':: •;·_. 
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A summary of the important findings from the literature review of research in 
Western Australia include: 
• Cyclic salt accessions. With the prevailing weather systems on shore and 
from the west, measurements indicate that atmospheric deposition is a 
significant source of salt contained in soil profiles to a more marked extent 
than in south eastern Australia. This effect drops off with increasing distance 
inland. Moreover there has been greater opportunity for salts to accumulate in 
the pallid zones of the ancient laterite landscapes. Secondary salinisation as is 
now widely occurring is a consequence of the redistribution of these salts. · 
• Landscape. Extensive areas oflaterite sandplains and salt lakes of low relief 
with little opportunity for external drainage are unique to the southwest of 
Western. Australia where dryland salinity principally occurs. These are largely 
underlain by a pallid zone which has provided a salt store over long periods of 
time. This contrasts with the areas of higher relief and more fragmented 
landscapes in south eastern Australia, where there are less opportunities for 
salt store. 
• Clearing and salinity. The removal of native vegetation, principally in the 
form of woody perennials and trees, and their replacement largely with annual 
crops and pastures has changed the hydrological balance and increased 
accessions to groundwater. Also the denudation of ground surfaces, and the 
removal of the protection provided by shaded conditions has significantly 
increased the potential for soil evaporation to occur, resulting in increased salt 
concentrations in surface horizons and at the soil surface itself. Despite the 
fact that the relationship between land clearing and salinity development had 
been quite well established, clearing of land for agricultural production 
continued at a rapid rate. 
Studies by Conacher (1983) showed a 'lag' time of20-30 years between 
catchment clearing and the first appearance of salt, though significantly 
shorter periods of 5-7 years or longer, up to 40 years, could occur. In eastern. 
Australia, particularly in the grazing areas of south-eastern. NSW, it is thought 
that the 'lag' time could be considerably longer than this in some cases, 
perhaps 50-100 years. 
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• Extent and magnitude of the problem. As shown in Table 1.1 the area 
affected by salinity is much greater in Western Australia than in any other 
State; as is the potential for increase. The financial impacts on the Western 
Australian farmers have been much greater than elsewhere. Whilst the overall 
financial viability of the individual farm could be put at risk in WA, such a 
situation appears to rarely apply in NSW. 
• Off-site effects. The first evidence of salinisation in south western WA was 
through its effects on water quality, and the first measures proposed were 
revegetation of previously cleared catchments to remedy this problem. Some 
suggest (Conacher et al. 1983) that increasing stream salinity may well be a 
more serious problem than that of soil salinisation. There appears to be little 
current comment on its adverse effects on other aspects of the built-up 
environment despite concerns about the effects of salinity on such aspects · 
(Watson et al. 1995). 
Treatment of the problem. Much of the current effort in WA is directed towards 
making more productive use ofland marginally affected by salinity, and considerable 
progress has been made in saline land agronomy research. This means in effect, 
however, more emphasis has been placed on discharge sites themselves, rather than 
treating recharge sites, that are generally considered as the source of the problem. 
Although much useful work is being done, the situation is still very much as 
Conacher (1975) stated, that the 'prevalent belief is that the cause of the problem 
cannot be treated but farmers must learn to live with it and adapt land use and 
management practices accordingly'. This thinking has spilled over into the National 
Salinity Control Program where Robertson (1995) stated that 'the goal of the 
National Dryland Salinity Program is to generate integrated techniques and 
approaches for optimal management of dryland salinity in Australia'. In answer to a 
question following presentation of his paper, he stated that 'the future would be about 
managing salinity, curing it was an impossible task'. Whether a distinction can 
readily be drawn between 'managing a problem' or 'curing a problem', integrated 
programs involving both 'discharge' areas and 'recharge' areas are being accepted as 
elements for solving the problem. 
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2.4.2 Victoria. 
The original assessment by the Working Party on Dryland Salting (1982) showed a 
much larger area affected in Victoria, 90000 ha, than in NSW, 4000 ha. However, · 
about half of the area shown as seepage salinity in Victoria was described as Type 
4.2, Subsoil Saline Seepage, or 'incipient salting'. That is soil with a saline subsoil 
only, and a watertable below the capillary range, the only observable surface 
indications of salinity are the growth ofhalophytic plants. Later estimates (Crabb, 
1997) suggest a much greater potential for spread in NSW than in Victoria. · 
In 1855, only 19 years after settlement, John G. Robertson, a grazier near Coleraine, 
Victoria, wrote to Governor La Trobe drawing attention to the development of salt 
springs and other associated forms of land degradation following clearing and 
stocking. However, as elsewhere in south eastern Australia, up until the 1950s it was 
not regarded as a significant problem (Holmes, Leeper and Nicolls, 1939, Downes, 
1949), At first it appeared to be 'a minor or transitory problem' and of 'academic 
interest only'. 
A comprehensive study by Cope (1958) however, indicated that the problem was 
widespread and increasing. He also put forward an hypothesis for the genesis of the 
problem, and suggested measures for its control and mitigation. Although catchment 
management was seen as important to the mitigation of the problem, Cope saw the 
soils of salted areas as possessing distinctive characteristics, with the problem mainly 
associated with solodic or solonetzic soils, with marked profile differentiation and 
low permeability at depth. He emphasised the importance of soil morphology for 
saline seeps in central Victoria. In that area, the affected soils have a permeable 'A' 
horizon with marked profile differentiation to a clay 'B' horizon, which is often sodic 
and impermeable at depth. The main incidence of dryland seepage salinity was on 
areas of rolling to hilly topography in 500-750 mm rainfall areas on these soils. In 
higher rainfall regions, drainage systems tend to develop, and these prevent the 
accumulation of soluble salts in the soil. 
Cope also showed that dryland salinity did not develop in areas characterised by 
permeable soils and strata with improved leaching and drainage. He also pointed to 
the restricted nature of the actual occurrence of salinity and concluded that 'problems 
seem to arise only when there exists a combination of ecological factors (an 
ecosystem) favourable to the accumulation of salt in the soil, followed by subsequent 
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concentration of the salt in smaller localised areas'. His mapping of salting showed 
virtually no agreement between the distribution of salinity and the occurrence of 
groundwater, but a high correlation with soil morphology and rainfall parameters 
(Fig. 2.2). He believed the main problem was the erosion hazard which salting 
induces. 
Cope also noted that, generally, areas of salting tended to spread spasmodically rather 
than gradually, the spread being correlated with wet years. His interpretation of how 
salinity actually occurs had much in common with Whittington's (1975) and 
Conacher's (1975) concept of 'through.fl.ow' in Western Australia, with water 
moving laterally downslope on top of the impermeable 'B' horizon, carrying with it 
any soluble salts present in the topsoil and salts being accumulated at lower levels in 
the landscape, where sub-surface drainage was impeded, or where salts were 
concentrated further by evaporation. 
Subsequent to Cope's study, Downes (1960) stated: 
"Early recognition of the problem enables rapid reclamation merely by 
improving water use in the catchment and fencing out of incipient salt 
areas to prevent overgrazing by stock. In advanced stages however, 
reclamation is beset with all the problems normally associated with 
soils of high salinity". 
From the early 1980s much more emphasis was given to the role of deep 
groundwater and rising watertables as the underlying cause of salinity, and attention 
became focused on the development of strategies to reduce recharge and subsequent 
accessions to groundwater systems. Jenkin and Morris (1982) interpreted land 
management in catchments in terms of: 'permanent' or perennial recharge areas that 
should be planted to trees to maximise interception of rainfall and transpiration of 
soil water. Other cleared upland areas should be planted to trees and deep-rooted 
perennial pastures. In lower arable areas, improved cropping and management 
systems involving chan~es in rotations, length of fallow and other associated 
cropping practices, pasture maintenance and the use of deep-rooted perennial species, 
together with tree plantfu.g~ needed to be developed. In the latter two situations the 
aim was to plant as many trees as possible without reducing agricultural productivity, 
and he suggested strategies as to how this might be achieved. 
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Figure 2.2 Salting in Victoria (Cope, 1958) 
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Dumsday et al. (1985) studied the economic aspects of dryland fanning systems, 
relative to their effect on the deep percolation of water to groundwater systems. The 
authors accepted that the primary cause of dryland salinity is increased groundwater 
recharge. Other things being equal, the higher the recharge, the higher the external 
costs.are likely to be, principally in terms of dryland soil salting and stream water 
quality. Dumsday et al. (1985) developed a model, the Modified SOLLCV Model, a 
daily water balance simulation model, designed to quantify relationships between 
fanning systems and accessions to groundwater under different environmental 
conditions. It was concluded that 'the results of the fanning systems approach 
indicate that there is scope for significantly alleviating the problem of dryland salinity 
in both cropping and grazing regions through relatively minor changes to existing 
farming systems'. However, they pointed out the limitations of such a restricted 
modelling approach. This was 'that the approach was based on the assumption that 
controlling deep percolation will ultimately lead to a reduction in salinity. Until the 
. relationship between deep percolation and the incidence (in terms of extent and 
location) of salinity can be quantified, this is as far as any generalised approach may 
be taken'. 
Similar methodology has been adopted with modifications by others to examine the 
impact of farming systems and management practices on the development of dryland . 
salinity and the associated social and economic consequences. McGuinness et al. 
(1993) examined the impact of conservation cropping systems on groundwater 
recharge. 
Based on recent projections, the dryland salinity problem in Victoria is seen as 
having the potential to greatly expand, with an estimated 1 million ha at risk of 
salinisation. Such projections do not agree with Cope's (and others) original 
assessment of the problem. Much of the findings from field studies such as those 
made by Cope (1958) appear to be disregarded. The claim is made that a modelling 
approach is a much quicker and less expensive method of providing answers than 
field studies. 
Another avenue of research in Victoria is the use of trees for groundwater recharge 
control. Such methods as sap flow measurements and ventilated chambers have been 
used by Clifton ( 1992) to measure tree water use. From these, models have been 
developed and estimates made of the required or effective tree planting density for 
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recharge control under different land systems. This work has proceeded in 
conjunction with studies into the effectiveness of perennial grass pastures in reducing 
or preventing recharge. The work indicates that under Victorian conditions, whilst 
high density tree planting is an effective salinity control measure for high recharge, 
higher rainfall, hill country; well-managed perennial pastures are effective in 
preventing recharge in sedimentary hill country with up to 600 mm annual rainfall. 
Combinations oflow density tree planting and pasture, in agroforest and woodland 
form, are also being examined. 
Results from Victoria have been incorporated in regional dryland salinity 
management plans, based on identifiable land management units within such regions, 
with appropriate strategies and cost sharing arrangements developed for each. An 
example of this is the Goulburn-Broken Region, Dryland Salinity Plan (1989). 
Whether the above approach is the best approach to salinity abatement overall has 
been questioned in a number of socio-economic studies in Victoria (Kent, 1993). 
Recently, Dahlhaus et al. (2000) have used historial evidence and pedological studies 
to develop a model for the salinity processes on the Dundas tablelands in south-
eastern Victoria. They conclude that salinity in the area was a feature of the pre-
European landscape, and that there is no evidence of rising groundwater levels. Their 
model, with seasonal waterlogging and lateral flow of water in the upper regolith, can 
better account for the occlirrence of salinity than the rising groundwater hypothesis. 
This supports Cope's earlier studies. In associated historical studies, Nathan (1999, 
2000) questioned the validity of applying the groundwater recharge model to other 
parts of Australia without corresponding historical research. Interestingly, she also 
challenged the earlier references made to Robertson's (1855) observations regarding 
clearing and salt spring development. She found that no association between salting 
and tree loss was remarked upon in Robertson's original documents; rather he made 
reference to pasture depletion, soil compaction, and salt spring development. 
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2.4.3 New South Wales 
2.4.3.1. Land degradation within NSW 
The area currently affected by dryland salinity in NSW is of a limited extent. Data 
from the Land Degradation Survey, NSW, 1987-88, Soil Conservation Service of 
NSW in Table 2.2, show the comparative extent of the various forms ofland 
degradation. 
Table 2.2 Land degradation* NSW 1987-88. Soil Conservation Service of 
New South Wales (1988) 
Type Area affected 
Eastern and central Western divisions Whole State 
divisions 
% km2 % km2 % km2 
Sheet and Rill 20.3 100060 0.3 700 12.5 100760 
Erosion 
Gully Erosion 32.0 158250 9.2 23940 23.4 186290 
Mass 4.7 n/a 0.0 n/a 2.9 n/a 
Movement 
Wind Erosion 25.3 125070 24.6 75380 24.5 200450 
Induced Soil 17.1 84200 
- -
10.6 84200 
Acidity 
Soil Structure 28.9 142880 1.4 4070 18.3 146950 
Decline 
Woody Shrub 4.6 22770 66.8 204950 28.4 227720 
Scalding 5.1 25310 18.6 57080 10.3 82390 
Irrigation 1.3 n/a 0.0 0.9 n/a 
Salinity 
Dry land 2.1 n/a <0.1 n/a 1.3 n/a 
Salinity 
*: In addition to the above there is the general problem of nutrient depletion or soil fertility decline 
which is just as, or more, serious a land degradation problem than any of those tabled above. Its impact 
on the other forms of land degradation can be of major consequence and its correction of major 
importance in land rehabilitation. 
A check of the methodology (Graham, 1988) used in the survey in Table 2.2 revealed 
that it is in part a land degradation hazard assessment, (a prediction of the level of 
land degradation that will occur with current landuse ), and in part a degraded status 
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assessment describing the current presence and severity of particular forms of land 
degradation. Because of the differing methodologies used to collect the data for .. 
various forms ofland degradation, the relative percentages and the corresponding 
areas within the State may be overestimates or underestimates of the actual areas of 
some forms of degradation. For this reason, while percentage of occurrence of mass . 
movement, irrigation salinity and dryland salinity are given, it was considered that it 
would have been misleading to assign any figures to areas affected. 
The purpose of the survey was for use within the State, to provide data at a regional 
and local government area level; able to be displayed on a small scale map of 
I: I 00000 or smaller. The mapped data from the survey were intended to show where 
problem 'areas' are rather than specific locations or boundaries of the differerit forms 
ofland degradation. This would provide the basis for future programs for the 
prevention and control ofland degradation in NSW (Graham,1988). 
Because of the dichotomy between real and potential land degradation and the 
differing methodologies used, the value of this survey was in the relative importance 
of each, and the identification of the areas where more detailed survey workmay be 
needed. No similar surveys are available. In terms of the relative percentages, dryland 
salinity ranks significantly below most other forms ofland degradation within the 
State. 
The above survey actually overestimates the occurrence of dryland salinity. It states· 
that saline seepages occur mainly in the south-east ofNSW, the general area of this 
study. A more detailed survey of this area by the Soil Conservation Service, using 
more accurate methodology shows a significantly smaller area affected in percentage 
terms. These data are presented in Table 3.1 (p69). If the relative percentages of the 
. areas affected by each of the different forms of land degradation in NSW, as shown 
in Table 2.2 were accepted on face value, dry land salinity is a problem of much less 
consequence than most other forms of land degradation. Indeed some (P. Simpson, 
pers. comm. 1995) see soil acidity as a problem of much greater concern, and 
emphasize that it is unlikely that much of the salinity will be mitigated until the 
associated acidity problems are overcome. 
However, dryland salinity in addition to degrading lands in-situ, may predispose 
areas to erosion, and have serious off-site consequences. Measures for its mitigation . 
may involve areas of much wider compass than those directly affected. From these 
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aspects it can be seen as a potentially more serious land degradation problem than 
those that may simply have on-site consequences where they occur. 
Wagner (1986) suggested that salinity may have been a more immediate predisposing 
cause of erosion than previously realised, although most of the widespread erosion 
that had occurred was in no way related to salinity. Complementary measures that 
may be adopted to mitigate soil erosion, soil acidity, soil structure decline and 
salinity and other related problems are now becoming better understood. 
2.4.3.2. Extent ofDryland Salinity in NSW. 
Data on the extent of dry land seepage for all of NSW in 1982 and 1990 are given in 
Table 1.1 (page3). 
The initial assessment of the extent of dryland seepage salinity in NSW in 1982 
(Working Party on Dryland Salinity in Australia, 1982), showing 4,000 ha affected 
were based on estimates provided by district soil conservationists throughout the 
State, with no formal survey method being applied. In contrast, the later survey data 
for 1990, provided by the Soil Conservation Service ofNSW, showing 14,000 ha 
affected, was based on a standardised survey method, using aerial photo 
interpretation, to identify saline areas. The difference between the two surveys, 
showing an increase from 4,000ha (1982) to 14,000 ha (1990), has been interpreted 
as a rapid increase in salinity between the two periods, and it has been implied that 
such a rate of expansion will continue into the future {Tassell, 1994). Of the 14,000 
ha mapped in the later survey (1990), approximately 10,200 ha of this was mapped as 
occurring in the South-East Region of New South Wales. 
However, the State coordinator of the program in NSW, Mr K.E. Emery (pers. comm 
1993), stated that the aerial photography used to provide the data for the 1990 survey 
was in fact 1980 aerial photography; that is, the dryland salinity identified would 
have been in existence prior to the above 1982 estimates being made. Also he 
considered that because of the difficulty of showing each small incidence of dryland 
salinity when transferring information from aerial photographs onto maps of a scale 
of 1: 100,000, as finally published, some exaggeration of the total area affected by 
salinity would have resulted. It is evident that the 1982 data must have significantly 
. underestimated the occurrence of dryland salinity, whilst the 1990 data may have 
resulted in an overestimation. It is concluded that no valid comparisons can be made 
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between the data for the two periods,· and any projections made would, likewise, be 
erroneous. 
Although it was not used in the above mapping, in later mapping by the Soil 
Conservation Service ofNSW, an additional class was also introduced (KE Emery 
pers. comm., 1993). This class was described as 'no erosion but vegetation changes 
due to salinity' and was based on the presence of naturally occurring, salt-tolerant 
species, as identified by aerial photography. The class was thought to reflect the 
effect of salinity on productivity, as well as indicating areas of potentially more 
severe salinisation. Its inclusion considerably boosted the area identified as saline. An 
examination of three 1:100,000 map sheets (the Cootamundra, Tumut and Young 
map sheets) mapped on this basis and using 1990 photography, adjacent to the south.:. 
east region, shows that out of a total area of 3626 ha mapped as being saline across 
the three sheets, 2453 ha or 70 per cent of it is in this class. Under the classes 
previously used only 1973 ha in total would have been mapped as saline. 
Identification of this class from aerial photography; and the assumptions made in 
regard to its occurrence, are questionable. These naturally occurring salt-tolerant 
species or 'indicator plants', often with naturalised species as Couch Grass ( Cynodon 
dactylon) and Sea Barley Grass (Hordeum hystrix) as the dominant ground cover, . 
may not only indicate saline conditions but also sodic or low fertility conditions and 
also other degraded soil conditions, such as due to soil erosion or deposition. In 
·addition, while they may indicate increasing salinity, they may also play a role as 
pioneer plants on sites undergoing regeneration from a more saline condition, and 
their presence may in fact indicate this situation. Often, also, their presence 
represents an ephemeral response to changed seasonal conditions, rather than a stage 
towards more serious salinisation. Unless there is very adequate field verification, 
such vegetation is very often difficult to identify from aerial photography, as other 
degraded pasture can have a similar appearance. Couch grass can be found on most 
properties in the region. On the basis of such a classification, quite large areas were 
classified as potentially saline. This included relatively large areas bordering long-
established watercourses, old springs and swampy areas. 
For the south-east region, Wagner's (1986) study over 92 sites across the region 
showed significant salinity development in particular periods in the 1950s and early 
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1960s, but little extension of the problem in the 1980s to .1986 with no new outbreaks 
observed. 
In 1993, the Department of Conservation and Land Management (formerly Soil 
Conservation Service ofNSW), identified 20,000 ha as grossly affected by dryland · · · 
salinity. However, because of the difficulties in using aerial photographic techniques 
(API) to detect the early onset of dryland salinity, this figure was considered to 
underestimate the total extent of the affected land by a factor of ten. This resulted in 
an upgrade of the area grossly affected from 20,000 to 200,000 ha. In conjunction 
with this it was also estimated that the current rate of increase in the area of affected 
land was in the order of 10 to 15 percent per year (Murray-Darling Basin Dryland . · 
· Salinity Management Working Group, 1993). Such an extrapolation seems without 
foundation. 
More recent publications by the Murray-Darling Basin Commission (1997) showed 
quite different figures for areas affected by dryland salinity in NSW. One publication 
. Dryland Salinity-An Informal Discussion Guide showed an area of 174,000 ha in 
1996, with an estimated spread of 5-7% per year. Their more recent major 
publication Murray-Darling Basin -Resources, showed a figure of 'nil' salinity in 
1982, and 25,000 ha affected in 1995. Projections are made from this data to show 
that 'the area of land affected is likely to expand 300% to 500% over the next few 
years' (p 157), with up to 5 million ha at risk in NSW alone if present land 
management practices continue. It seems that such data have been selectively chosen. 
The above area predicted to be at risk is based on a study by Bradd (1995). Using a 
combined statistical 'weight of evidence' approach and GIS overlay technique, Bradd 
produced a drYland salinity hazard map of NSW (Fig 2.3). ·The statewide map 
identifies the spatial distribution ofland areas that have similar environmental 
attributes to that of land already affected by dryland salinity, and describes the 
potential hazard in varying degrees of probability. Emphasis was placed on rising 
watertables as this was seen to be the main cause of dryland (seepage) salinity. A 
figure of25,000 ha, mapped by the Department of Lands and Water Conservation as 
the area currently affected by dryland salinity, was accepted for the base year (1995) 
in the study. This conflicts with the inflated projections previously made in 1993, 
using the same mapping information. Bradd advises that the first edition 'should be 
considered as a planning tool for identifying and highlighting potential salinity areas 
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on a regional scale in NSW. It is considered reliable in this application, and will be 
updated as more-accurate and detailed data is obtained'. To determine the potential 
salinity hazard in a specific location or catchment, more detailed mapping and a 
different set ofland attribute characteristics may be required to reflect the scale and 
location of the study, not the broad landform and groundwater characteristics as used 
for this map'. Such a more detailed approach is now being used by Bradd in mapping 
the Y ass Valley and Liverpool Plains areas. 
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A further breakdown of data provided by the author shows the degree of hazard in 
NSW as follows: (Personal communication, John Bradd, 1996) 
• VERY HIGH PROBABILITY- 310,800 ha- or approximately 12 times 
the total area presently affected. 
• HIGH PROBABILITY - 470,300 ha - or approximately 19 times the total 
area presently affected. 
• MOD ERA TE PROBABILITY - 4,2511,600 ha - or approximately 170 
times the area presently affected. 
Most of the area of very high or high probability occurs in the south of the State, 
principally in the south-east region, the area covered by this study. Bradd in 
subsequent explanatory notes to the map cautioned, that as the first edition, it should 
only be used at the broad level, and principally to determine priority areas for more 
detailed study and monitoring programs. 
The figure of five million ha at risk to dryland seepage salinity in NSW would 
represent approximately one-sixteenth of the State as a whole, and a much larger 
proportion of the western parts of the eastern division where the potential problem is 
principally seen to occur. It suggests that the area at risk of dryland seepage salinity 
in NSW is two hundred times greater than the area presently affected, and, suggests a 
continued spread. The study did not attempt to explain why, to-date, only one-two-
hundredth part of the areas vulnerable to salinity have become saline, or suggest a 
time-scale for salinity development. In fact, with only one-two-hundredth of the 
vulnerable area affected by salinity after 175 years of European settlement, it could 
be construed that, possibly, there is little reason for concern. Based on such figures 
the implications for control and mitigation programs are enormous both in 
quantitative terms and in their complexity, environmentally, socially, economically 
and politically. They have been used to justify the recent introduction of very 
controversial land clearing restrictions (SEPP 46 Reg.) within the State. 
Projections made from this model are being used as a basis for framing future 
dryland salinity programs in NSW (pers. comm. L. Kirk, Conservation and Land 
Management, NSW, 1996). 
The Murray-Darling Basin Commission, based on their recent modelling, projected 
that by the year 2050, that 15 million ha of land could be affected by dryland salinity 
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in Australia, with half of this, or 7.5 million ha, in NSW (PMSGC,1998). Such a 
figure represents almost 10 percent of the State as a whole (80,160,000 ha), and of 
course a much greater percentage of those areas actually considered to be at risk of 
salinity, possibly up to 70 percent. 
In the most recent study completed by the Murray-Darling Basin Commission, The 
Salinity Audit (October, 1999), it is estimated for NSW that currently (1998) 
12,300,000 ha are affected by rising groundwater, of which 5 to 7 million ha will 
ultimately become waterlogged, with perhaps 2 to 4 million ha of this area becoming 
affected by serious salinisation. It was projected from the study that future salt 
exports will shift from irrigation-induced sources to dryland catchment sources, with 
25 percent of the projected increase in stream salinity coming from tributary 
catchments upstream. 
The authors of the Salinity Audit admitted, that 'the provision of estimates from such 
modelling was limited by the data available, in particular the density of groundwater 
bores across the landscape, and the time over which the records had been kept. Also 
the approach adopted suffered from progressive reductions in confidence about the 
predictions; and the conclusions about salinised land areas needed to be heavily 
qualified'. The groundwater data used in the above modelling have not been 
published, but it is understood that there was very poor coverage in some regional 
catchments, as indicated above, and that some of the temporal data relied on 
observations at only two times. Doubt has also been expressed as to what was 
actually being measured in some of the data used, either 'regional watertable depths' 
or 'hydraulic head' (Hook, 1992). Other studies also show that the period from 1946 
to 1993, which embraces most of the period of observation, was one of above 
average rainfall in south-eastern Australia, and this could have naturally increased 
recharge to groundwater systems (Bradd and Gates, 1993). Whether the groundwater 
rises for this period can be projected so far into the future with confidence must be 
seriously questioned. Even if such groundwater rises occurred, the area affected by 
dryland salinity may not be as projected. Past studies show that salinity in most areas 
is restricted to certain parts of the landscape, with only a very small proportion of the 
total area actually affected (Cope 1958). Also there is little evidence of any 
progressive spread as projected, or that salinity is being driven by regional 
groundwater systems with the potential to ultimately affect very large areas. The only 
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study adopting a chronological approach to the development of the problem, Wagner 
(1986), indicated that future spread may not be so predictable. Hook (1992 proposed 
that the severity of future salinisation cannot be predicted until the underlying 
processes and mechanisms are better understood. 
Overall there appears to be widespread confusion between the actual extent of the 
occurrence of dryland salinity (as mapped), its estimated extent, and the projections 
of its future extent that have been made. Estimates frequently appear to have been 
based on poor data. 
2.4.3.3. Historical Review of NSW Research. 
The 1880s. 
In discussions on dryland salinity in NSW, reference is often made to an article by 
W.E. Abbott (1880) on ringbarking and its effects. Abbott told of generally dry 
watercourses, which normally held water for only a few days after rain, becoming 
permanent streams as soon as the timber was dead following ringbarking. He 
attributed 'the nature of our (Eucalyptus) forests as having a very considerable and 
perhaps the largest share in producing the remarkable dryness and absence of springs 
which seem to be characteristic of Australia'. In noting the development of 
permanent streamflow and an increase in the number of springs, 'the first effect 
following from the second', and the increased production of grass, which was the 
primary objective of ringbarking, Abbott made no comment on the development of 
dryland or stream salinity, although it may have been too early for this to become 
evident. He described the situation in the upper Hunter Valley ofNSW. 
From permanent streamflow measurements in May 1880, approximately ten years 
after ringbarking had taken place, Abbott estimated that it would take 15 mm or 
approximately 2.5% of the annual rainfall over the cleared catchment to maintain 
such permanent streamflow. This figure is interesting in the light of modem data 
estimating the amount of additional recharge needed to induce salinity following 
development for agriculture, with figures from 5 to 55 mm/year being given (Nulsen, 
1993). However, such estimates vary significantly for different locations. 
In the South-East Region ofNSW, a number oflandholders hold the view that it was 
not the clearing of timber that initiated salinity, but the overgrazing and denudation 
of the prolific growth of grass that followed. This is supported by observations in the 
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Gulgong area, (Nicholson and Seis, 1993). On the other hand, such a situation could 
reflect the 'lag' between clearing of timber, rising watertables and the development 
of salinity. 
T.K. Abbott (1880) recorded observations on groundwater in the Liverpool Plains. 
His study showed an abundance of fresh groundwater within the watersheds of the 
Cox's Creek and the Mooki River, with water generally being obtained at an average 
depth of 1 7m. He noted fluctuations in the water levels associated with fine or cloudy 
or wet weather. In some local areas on the plain, it was not uncommon for wells to 
overflow or rise close to the surface. He quoted one example of a remarkable increase 
in flow, with the well overflowing on a permanent basis, following ringbarking in the 
immediate vicinity, even though the area was only sparsely timbered. In some other 
situations he deduced that the recharge area or 'fountain head' must be many miles 
distant from where the springs break forth, for example Tambor Springs. Abbott did 
not comment on the agricultural condition of the area, and although he recorded 
brackish water in approximately 20% of the wells surveyed, he made no mention of 
any indications of surface salinity. 
The studies by both the Abbotts clearly show that the relationship between clearing 
and increased recharge has been understood for a long time. They also show that 
clearing in itself need not bring about salinity. 
The 1950s and 1960s. 
Beadle (1948) and others recorded their observations on scalds in the Western 
Division in the late 1940s. However, the occurrence of dryland seepage salinity as a 
form of land degradation was not recognised in the Eastern and Central Divisions of 
the State until about the mid 1950s. Monteith (1954), in a study of soils in the Hunter 
Valley, generally described the characteristics of soils of high salt content, which 
presented special problems to the agronomic and erosion prevention practices. He 
identified soils as belonging to the related soil groups, solonchaks, solonetz, 
solodised solonetz and solods, noting the problems that may be associated with each 
and suggesting treatments. In agreement with early workers in Victoria (Downes, 
1960; Cope 1958)) he associated salinity problems with these particular soil groups, 
and the inherent nature of their soil profiles. Except for the solonchaks, where there 
was no profile development, a feature frequently noted was the low permeability of 
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the 'B' horizon with seepage observed along the top of this horizon in the solodised 
solonetz group. 
Wagner (1957) drew attention to the developing dryland salinity problems on the 
Southern Tablelands of NSW. Underlying processes were not closely examined but 
the conditions in terms oflandscape attributes and land use and management 
associated with its development were discussed. Within localised areas the problem 
generally occurred on solodic type soils with impervious sub-soil 'B' horizons. The 
problem had significantly increased in extent with a return to drier conditions 
following the unusually wet seasons of 1950-52. Generally however, individual 
outbreaks appeared of a localised nature. Measures to improve the hydrological 
balance of such localised areas were proposed. The study created a wider awareness 
of the problem not only amongst landholders but within research and extension 
organisations. Investigations into the problem were commenced by CSIRO (van Dijk, 
1958) and the Yass Valley Organisation sought a special study of the problem within 
the Y ass River catchment. 
Logan (1958) discussed the processes involved in salting in the light of results 
obtained from laboratory and field trials, He outlined measures for control of dryland 
salinity based on this work. Whilst recognising the part groundwater, capillary rise 
and surface evaporation played in salinity development, he also noted that in well-
drained land the downward movement of rainfall through the soil is sufficiently great 
to prevent any accumulation of salt at the surface. He demonstrated the effect of 
sodium in lowering the permeability of soils, and that changes in the soil following 
salting lower its infiltration rate, make it more dispersible, increase the liability to 
erosion, and makes erosion control more difficult. He further observed that salt 
content is by no means constant over a particular area, varying throughout the year 
with changes taking place down the soil profile, depending on soil water movement. 
In agreement with Jackson et al. (1956), he found that the greatest surface salt 
concentrations corresponded with the periods of highest evaporation. During 1956 
when high rainfalls were recorded, it was noted that many saline areas became 
covered with grass. 
Logan's work agreed with Wagner's (1957) observations that there may be a 
regeneration of surface cover with salt dilution during wet periods, but with a return 
to drier seasonal conditions salt concentrations may once again build up and plant 
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growth cease. Where wet conditions were sustained for long periods some 
regeneration of a more or less permanent nature had been observed. This differs with . 
some of the Victorian workers analysis that associate increases in salinity with 
excessively wet conditions (Jenkin, 1982), and not with the fluctuations from wet to 
dry. This will be further examined below. Logan (1958) also observed the effect of 
growing plants in reducing the concentration of salts at the soil surface .. He attributed 
this was due to plants using moisture at depth instead of it being evaporated at the 
. surface. 
Following the study by Wagner (1957), van Dijk (1958) undertook preliminary 
studies of dryland salinity in the Southern Tablelands, NSW and particularly the Y ass 
River Valley. He followed this with later studies revising some of this work (van 
Dijk, 1969). van Dijk found that salting patterns related to slope elements and that 
there were four different situations where salting may occur. The first two of these 
were related to the surface seepage of groundwater in excess of evapotranspiration 
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with seepage moving downslope through permeable layers overlying heavy 
impermeable clays. In the first situation, Case 1, he envisaged that the source of salt 
was from a low concentration of salt in surface soils being laterally leached out by 
excessive seepage and accumulating at lower levels, as proposed by Cope (1958), 
Downes (1960) and Wagner (1957). In the second situation, Case 2, the main source 
was the porous fractured sedimentary rock in the upper slopes of the landscape. The 
other two situations, Cases 3 and 4, were associated with deep seated movement of 
either confined or unconfined groundwater. Whilst water movement in the soil 
mantle was very complex, and all forms of seepage could contribute to salinity 
development, he associated the more serious salinity with the second situation where 
salt was flushed out of the fractured sedimentary rock during periods of heavy 
rainfall, and transported downslope over impermeable clay 'B' horizons to lower 
levels in the landscape. It appears that both Cases 1 and 2 could jointly contribute to 
a common salinity problem under the seasonably saturated groundwater conditions as· 
can occur within the region. 
Whilst van Dijk in the subsequent studies ( 1969) stated that outbreaks of salting had · 
been observed on a wide range of soils, including texture contrast (duplex) and 
gradationally textured soils, examination of his data for the Yass Valley in his 1958 
study shows that most of the severely affected sites occurred on duplex soils. He 
38 
associated salinity with different soil landscapes or 'K-Cycles' based on Butler's 
(1959) K-Cycle interpretation of the landscape and patterns of soil distribution .. 
:According to K-Cycle theory the landscape had evolved under periods of stable and 
unstable erosional and depositional phases, with a period or K-Cycle consisting of 
one unstable and one stable phase. During the unstable phase the exposed soil layer, 
or layers, were subjected to erosion and a new surface, either erosional or 
depositional, was formed. During the following stable phase, little erosion occurred 
and soils were developed on exposed rock, or on a truncated earlier soil layer, and 
also on the layer of eroded material deposited downslope. Whilst thin soils 
developed on the eroded surfaces upslope, deeper and less truncated soils developed 
on the alluvial and colluvial material deposited downslope in 'perched basins' or 
'low basins'. Different soil landscapes could be delineated because of their relative 
uniformity in terms of topography and underlying rock type. The characteristic· 
properties of the soil from the different K-Cycles, and the soil systems formed by the 
superimposition of the different soil layers were associated with seepage zones_ and 
·salinity development. The soils being formed on them were classified as podsolic or 
solodic, mainly solodic. 
Although he did not examine land use associated with salinity development, van Dijk 
reported examples where salinity had increased following a bushfire and apparent 
denudation of ground cover, and where salinity had developed in a heavily timbered 
area, killing the timber. He saw no apparent relationship between clearing and 
seepage, stating that 'most seepages have developed recently, whereas the land was 
·cleared long ago', and 'some new seepages have been reported from timbered 
country'. Some timber in the vicinity of existing saline areas is actually regrowth, the 
original timber having apparently been cleared in the early period of settlement. 
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Van Dijk (1969) noted the spasmodic development of salinity with often spectacular 
increases during some years and noticeable abatement during others. He associated 
serious salting development with a two-phase weather requirement of a wet and a dry 
period. This observation, supported by early workers, impacts upon the present day _ 
thinking. van Dijk redefined his earlier salinity classification as: 
Type A Associated with deep-seated groundwater 
TypeB Associated with sedimentary rocks cluse to the surface 
TypeC Associated with seepage over dense clay horizons 
Whilst Type 'A' can be serious in its effects at particular sites being sustained by a 
continuously supplied slow release of groundwater, it is limited in its occurrence. 
Type 'C' is of much more consequence overall because of its widespread occurrence 
in certain landscapes. van Dijk showed that all three forms can occur in conjunction. 
The waxing and waning or more spasmodic forms of salinisation occurred with 
Types 'B' and 'C'. 
In terms of landscape, van Dijk distinguished two categories of salting; valley floor 
salting (Types 'A' and 'C') and hillside salting {Type 'B'). Extensive salting 
associated with Type 'C' was particularly concentrated on broad segments of 
moderately dissected ancient strath benches, and was generally restricted to the 
eastern or upper parts of the Y ass valley. In subsequent studies, van Dijk (1978) 
recog:riised the same landscape patterns throughout the eastern highlands of 
Australia.One minor observation van Dijk made, which is of interest, was that on one 
site once a gully was formed by erosion, no furtheli expansion of the saline area 
occurred, and he commented on how erosion gullies could promote drainage. 
A preliminary account of van Dijk's 1958 survey was presented to the Salting-
Seepage Sub-Committee of the Yass Valley Organisation (1959), who prepared a 
report. In their draft report of September 1959 it was noted that salting could be a 
serious problem in localised areas and act as focal points for erosion. van Dijk's 
survey showed that whilst only 0.03% of the area (100 acres in 300,000 acres) was 
affected by salting, it was agreed that measurements of the areal extent did not give a 
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true indication of the importance of the problem. The crucial point was whether or 
not salting was increasing year by year, a question still being asked today. 
Actually, van Dijk's figure was an under-estimate of the area affected at the time. 
Significant areas of occurrence were missed in his survey, for example the upper 
Murrumbateman Creek area. The sub-committee recommended that all obviously 
salted areas in the Southern. Tablelands be recorded, together with an assessment of 
their extent. Certain other initiatives were proposed. With completion of the report, 
the work of the sub-committee ceased. 
The 1970s and 1980s. 
Hamilton (1972), reported a survey that estimated the area affected by dryland 
salinity in NSW to be approximately 11000 ha (Hawkins, C.A., NSW Department of 
Agriculture pers. comm.). Salinised sites generally occurred on soils defined by 
Northcote and Skene (1972) as non-alkaline, sodic, duplex soils in areas with a 
rainfall of 400-800 mm per annum. A feature of these soils is the low permeability of 
their clay sub-soil horizons which allows the seasonal development of a perched 
watertable particularly under Mediterranean-type climate conditions. 
All the above workers 'associated the development of dryland salinity with shallow, 
seasonal or perched watertable conditions associated with particular soil groups, and 
although it was accepted that more study was needed, a limit was seen to the 
potential for spread of the problem. The fluctuations noted in its development under 
varying seasonal rainfall conditions gave optimism that the reclamation of affected 
areas and the further prevention of the problem were possible. These views were 
supported by Hamilton in his contributions to the Working Party on Dryland Salinity 
in Australia, September 1982. The Working Party itself generally found agreement 
between the salt-affected soil classes, as established by Northcote and Skene, and the 
actual occurrence of dryland seepage salinity in NSW. 
From his intensive geological studies across southern NSW Gunn (1979,1985) 
differed in his interpretation of the sources of salts to that of by van Dijk. He found 
that all salt affected areas were underlain by, or occurred in close proximity to, 
deeply weathered volcanic; granitic or sedimentary rocks, which commonly 
contained stores of soluble salt, dominated by sodium chloride. No salt affected soils 
were found in areas underlain by unweathered rocks. He established a close 
correlation between the salinity of the shallow groundwaters and the lithology of the 
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weathered rocks on which they occurred. He proposed that sodium chloride 
contained in the original unweathered rocks became more concentrated in the 
weathered layers as a result of leaching and deposition. Whilst agreeing that sea salts 
deposited in rainfall must contribute to the total store of salts, he concluded that no 
relationship could be established between rainfall deposition and the occurrence of 
salinity. He pointed out that while chloride salts in rainfall could be expected to be 
deposited more or less uniformly over the landscape within certain regions, only 
some areas are affected by salinisation. However the effect ofleaching and processes 
affecting the translocation and concentration of salts resulting in salinisation must be 
taken into account. In earlier studies, Gunn (1969), had concluded that most of the 
soils had formed on a wide range of parent materials derived, directly or indirectly, 
from the three main suites of rocks - the granites, sediments or volcanics. They had 
formed on the truncated zones of the weathered mantle, and in colluvial-alluvial 
materials derived from it. The occurrence of texture-contrast soils with solodized 
solonetz or solodic soil morphology indicated that soluble salts had influenced soil 
formation in parts of the area. The presence of these salts in weathered zones , and 
their distribution by seepage and run-off, would account for the development of 
halomorphic soils on lower slopes and bottomlands. 
In an interesting anthropological study of the association between modern-day saline 
seepage erosion sites and prehistoric occupation in the Yass River Valley, Packard 
(1983) throws some light on soil formation and salinity. He noted that 'the long-term 
presence of lateral seepa'ge and perched watertables on many currently scalding areas 
is shown by the vesicular nature and high ''buckshot" (manganiferous modules) 
content of their upper sediments'. This indicates high levels of water availability over 
greater lengths of time than the post-European stttlement. Because of their reliable 
source of fresh or brackish water with distinct biotic associations, such sites 
represented foci forAborigmal activity. Packard found that a substantial majority, 
83%, of saline seepage·erosion areas showed some degree of Aboriginal occupation 
or usage. Not only does this suggest that such sites were prone to seepage in the long 
term, prior to European occupation, but also supports the view that it was the changes 
in land use on these discharge sites themselves, following European settlement that 
has led to the development of salinity. In a sense these discharge sites were inherently 
prone to salinity. 
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The publication of the report of the Working Party on Dryland Salting in Australia, 
September 1982, created little interest. This report indicated that the problem was not 
of significance in NSW and reclamation techniques were available to deal with it. 
There was some concern expressed about the increase and decrease in the size of 
affected areas in relation to the wetness of the season but it was believed that such 
sites would remain static, or decrease in the future. The conclusion was that with the 
limited resources available, there were greater research needs in soil conservation in 
NSW that should be addressed. 
A land capability study undertaken by the Soil Conservation Service of NSW, The 
Joint Shires Study (Soil Conservation Service ofNSW, 1981), which included the 
Y ass Valley, showed that of the total area of approximately 200,000 ha surveyed, 
approximately 0.8% was affected by dryland salinity, the bulk of which was in the 
Yass Valley. Of the total area affected, approximately 91 % occurred as valley floor 
seepage and the remainder, 9% as hillside seepage. Most saline seeps occurred on 
low footslopes of2-3 per cent slope, drainage plains and floodplains corresponding 
to the valley floor seeps as identified by van Dijk. Soils most severely affected were 
identified as yellow duplex soils developed on colluvial material. These soils have a 
sandy loam topsoil over a bleached A2 horizon overlying a generally impermeable 
'B' horizon of medium to heavy clay. Poor internal drainage and prolonged seasonal 
wetness is a characteristic. The underlying rocks were found to be almost exclusively 
upper Ordovician sediments, and van Dijk's interpretation that the salt originated 
from the weathered rock beds rather than from cyclic accumulations was supported. 
It was concluded that 'as the outbreaks of saline scalds are localised in one particular 
area on the Ordovician Sediments, it would suggest that site factors may be important 
in its occurrence. Such factors appear to be associated with internal drainage 
characteristics of the site and soil, with the occurrence of an impermeable horizon or 
layer in the weathered horizons' .Extension of the problem appeared to be associated 
with a succession of abnormally wet seasons with rising perched watertables and an 
increase in surface seepage with subsequent evaporation concentrating salt in surface 
horizons. Outbreaks were not linked to a regional watertable. 
The lack of interest in dryland salinity in NSW continued until the completion of a 
report by Wagner (1986).The report was based on a chronological study of salinity 
development on 92 representative sites across south-eastern NSW. Aerial 
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photography for each decade from 1941 to 1983 in conjunction with field studies 
traced changes on individual sites in relation to climate, changes in meteorological 
conditions, landscape attributes, soils and land use and management. 
Principal conclusions from the study included: 
• Although dryland salinity occurred in the region prior to the 1940s, a 
significant expansion in the area affected had occurred since the 1940s and 
this expansion was continuing. However there were examples where changes 
in land use and management had mitigated the problem and regeneration of 
affected areas had been achieved. 
• The majority of affected sites were found to occur on low footslopes and in 
drainage depressions below extensively or completely cleared lands on texture 
contrast soils formed over sedimentary geology, chiefly Ordovician meta -
sediments, where the mean annual rainfall did not exceed 700 mm per annum. 
Degraded native pasture was also a common feature of the associated 
catchment or recharge area. 
• In many instances the development of dryland salinity had preceded the 
development of erosion or they had occurred in conjunction. This erosion 
frequently became serious, and largely because of the often unrealised 
associated salinity component, it was very difficult to reclaim. 
• It appeared that there was a lag of at least 50-60 years between clearing of 
land for grazing and the significant development of salinity. However other 
intervening factors could accelerate the process of salinity development. 
• The land use and management regimes that predispose land to dryland salinity 
still existed, and unless effective programs were developed, the problem 
would continue to expand. 
• Whilst the need for further hydrological studies at a regional scale was 
acknowledged, the problem generally appeared to be of a localised nature, 
associated with a local catchment or recharge area. 
• Site conditions on discharge areas also appeared to be an important factor in 
the process of dry land salinity development. Denudation of these areas by 
cropping or injudicious stocking practices resulted in increased evaporation 
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from the soil surface with consequent concentration of salts to toxic levels in 
surface horizons. Why one site became saline and another, with almost 
identical physical attributes, and a common recharge zone, did not, appeared 
closely associated with past land use and management. Landholders 
frequently associated the development of salinity with denuded grass/ground 
cover conditions such as associated with drought, overstocking or fire rather 
than with the removal of tree vegetation. 
• Outbreaks of salinity appeared episodic or spasmodic in nature with 
fluctuations in the condition of affected areas often waxing and waning from 
year to year in association with perceived changes in seasonal rainfall and 
evaporative conditions. Whilst two or three wet years followed by a return to 
normal or drier years appeared to accentuate the problem, a more prolonged 
period of wet years appeared to alleviate it. Minor seasonal responses to 
rainfall and soil moisture changes were also noted. 
• While areas of duplex or texture contrast soils with impervious subsoil 
horizons were most widely affected, salinity also occurred on other soils with 
gradational or uniform profiles. However, because of the higher hydraulic 
conductivity of these soils they showed greater capacity to regenerate under 
conditions favourable to leaching. 
• A number of landholders had achieved successful rehabilitation of saline 
areas by treating the problem as a localised one within the property. This 
indicates that local factors may dominate over regional factors as to where 
salinity outbreaks may actually develop; and also as to the means adopted for 
their rehabilitation. 
In an associated report based on information supplied by soil conservationists across 
NSW, Wagner (1987) assessed the occurrence of dryland salinity over the whole of 
the State. An upward revision of the total area affected from 4000 ha as proposed by 
the Working Party on Dryland Salinity (1982) to approximately 10000 ha was 
suggested. The bulk of this area (8000-9000 ha) occurred in the South-East Region 
(Fig. 3.1) with small outbreaks in the south west slopes and Riverina, generally east 
of the 400 mm rainfall isohyet, totalling in all possibly 250-300 ha. Scattered 
occurrences were recorded on the Central Tablelands, Central Western Slopes, 
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Hunter Valley, Liverpool Plains and on the Northern Tablelands generally west and 
north of lnverell. In many of these areas, locally, it was not seen as of concern. 
However, there was a growing awareness that it may be more widespread than 
previously recognised and more accurate survey and mapping of its extent was 
warranted. 
The land degradation survey undertaken by Soil Conservation Service of NSW, 
1987-88, confirmed the above assessment and further action was initiated to deal 
with the problem. 
An intensive study of a particular dryland salinity site in the South-East region, 'the 
Y arralaw Site', was undertaken by Bullock (1989) to quantify the processes in a salt 
affected catchment. Bullock identified the soils in the area as sodic to strongly sodic, 
duplex soils with a dense 'B' horizon. He concluded the occurrence was not related 
to the inherent soil properties but was more a function of landscape position with an 
associated seepage zone at the bottom of the catchment. 'Groundwater studies did not 
indicate that the salinity was a result of upward water movement from a deep aquifer 
system', but was associated with a localised watertable and was very responsive to 
seasonal rainfall conditions; 'He found that although salt concentrations in the soil 
were quite low, except for the scalded surface, soluble salt levels in the groundwater 
were 'quite substantial' with little variation over the course of the observations. 
Under unsaturated conditions, Bullock found that the infiltration characteristics 
between the soil profiles on the scald area and the adjacent unaffected grassland area 
were similar. However under saturated conditions the 'A' horizon of the grassland 
profile was much more permeable than that of the scald. This was an important 
difference in terms of development of salinity as salt build up is determined by the 
net balance between upward capillary flux and infiltration flux. As a result excessive 
soluble salt levels occurred mainly within the scalded portion of the catchment and 
not in the grassland. Bullock estimated that over a 12 month period, approximately 
half of the total salt loss from the catchment was from surface runoff, and half in 
groundwater outflow. The high total dissolved solid (TDS) concentration at the 
beginning of a runoff event represented the removal of surface salt that had 
accumulated on the scald areas. Once this initial salt load was washed away the TDS 
concentration decreased substantially, since runoff entering the scalded area from the 
adjacent grassland was relatively salt free. 
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While supporting the view of the cyclical nature of seepage scald formation, Bullock 
(1989) considered the formation of the seepage scald at this site (some time between 
1952-1962, possibly after 1956) to be so rapid as to be called 'catastrophic' in its 
development. He emphasised that although the seepage scald area itself continued to 
degrade and erode between 1962 and 1986, there had been no areal increase in the 
extent of the affected area and to assume that the scald was 'slowly but steadily 
consuming the grassland was simply not correct'. He questioned why a major 
increase in seepage scald formation took place during the wet-dry cycles of 1950-60 
and not in previous comparable cycles. He noted that the precipitation increase 
during the 1950s was larger than any other cycle on record and that land management 
practices, principally tree clearing and grazing may have reduced the' thriftiness' of 
the vegetation so that catchments were more susceptible to seepage scald damage 
than previously. 
Bullock (1989) suggested that the timing of the Yarralaw seepage scald formation 
was a function of above average precipitation in the period between 1952 and 1962. 
The distinction between extrinsic factors (rainfall) and intrinsic factors (catchment 
characteristics) was important. The concept of 'lag' time where for example, salinity 
will inevitably occur a certain number of years following tree clearing was perhaps 
misleading because it totally ignores the variability in extrinsic factors which may be 
involved in seepage scald formation. 
Two different scenarios could be postulated to explain the exact origin of the 
Y arralaw seepage scald. These were 'salinity before erosion' or 'erosion before 
salinity'. The first, is that increased percolation of soil water into the groundwater 
following clearing of native vegetation causes the watertable to rise close enough to 
the ground surface to cause salinisation. Following the build up of soluble salts in the 
soil profile the grassland ground cover vegetation is killed leaving the soil susceptible 
to the erosion which follows. The second scenario is that during periods of high 
intensity rainfall, particularly following a (dry) period when surface cover vegetation 
may have been denuded, the topsoil is stripped off exposing the subsoil. The exposed 
subsoil is more impermeable than the previous grassland cover and the reduced 
infiltration allows a build up of soluble salts, if a shallow watertable exists. Erosion 
is required to strip the topsoil off before salinity can develop. Bullock saw the 
difference as an important one, especially for seepage scald prevention, the question 
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being, 'are we trying to prevent salinity or are we trying to prevent erosion?' Because 
of the relatively low soluble salt levels at the site and the soil characteristics of the 
scald the second scenario appeared possible. However when the question was 
examined in terms of the meteorological conditions prevailing over the previous 
decade prior to 1962, the first scenario appeared as a possible explanation for scald 
development. Doubt was cast on this scenario however because under the 
circumstances with groundwater levels close to the surface, the saline area should 
have continued to expand beyond its present limits into the surrounding grasslands. 
The latter assumes that groundwater was as close to the surface in the surrounding 
grasslands as in the affected scald area. Isopach maps within Bullock's thesis itself 
(Figure 3.8, p.66) show the position of groundwater within capillary range in the 
lower levels of the catchment only and generally conforming to the boundary of the 
scalded and semi-scalded area itself (Figure 2.2, p.28). If this were the case in the 
decade prior to 1962 this would predominantly predispose this area to salinity. Also 
because of the generally low salt levels at the site, Bullock saw the problem, not so 
much as salinity, but as sodicity. He concluded the it was not possible to provide a 
definite answer as to which scenario might apply to such an event that had happened 
in the past, and was not closely monitored. 
A process more in line with Bullock's first scenario is seen as the more likely cause 
of the seepage scald formation at Yarralaw. Groundwater levels within capillary 
range in the lower levels of the landscape could lead to the concentration of salts in_ 
surface horizons in this area. The presence of such salts may result not only in surface 
denudation but also in the breakdown of soil structure rendering the soil more 
vulnerable to erosion. This is accentuated by the habit of sheep grazing on such areas. 
Being at the bottom of the catchment where runoff is greater and has reached a higher 
velocity, such an area becomes one of high erosion hazard. In the process, much of 
the surface soil (topsoil) containing salts with subsequent loss of soil structure would 
be the first to be washed away. Such a process has the potential to become cyclical in 
character. If erosion itself was the primary cause of scald formation as suggested in 
Bullock's second scenario, the erosion could have been expected to have 
subsequently proceeded further up the catchment. 
Observations across a large number of sites across the region support his first 
scenario as most appropriate to the Yarralaw site (Wagner,1986). Also the 
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observations of most early workers agree with the first scenario, i.e. 'salinity before 
.erosion'. Downes (1949) recognised that salted areas constituted focal points of 
erosion and Cope (1958) saw 'the main problem as the erosion hazard salt induces'. 
The Working Party on Dryland Salinity in Australia (1982), similarly saw dryland 
seepage salinity as predisposing areas to erosion. 
Bullock suggested that tree clearing and possibly overgrazing may have weakened 
the vegetation and upset the hydrological balance of the catchment. This, in 
conjunction with the higher than normal rainfall and the extreme fluctuations 
between dry and wet periods in the 1950s, may have triggered its formation. Bullock 
emphasised the need for seepage scald prevention pointing to the difficulties in 
treatment once the problem has actually begun to develop, but stated that the difficult 
part about prevention is knowing just where preventative measures are required or 
may be applied. He noted, as suggested by George (1984), and Abbott's (1880) early 
work, that increased groundwater recharge of only 20 mm in response to forest 
clearing was sufficient to cause a seepage scald. 
2.5 Recent Research: - Relevant to the South-East Region of NSW. 
Many of the current research projects and investigations associate the development of 
dryland seepage salinity with changes in deep or regional groundwater systems, 
disregarding many of the findings of the early workers. Commenting more 
particularly on the work of Cope (1958), Tassell (1994) summarises current thinking 
'the results were useful for the time but research since then has shown that the 
mechanisms proposed for the salting process were incorrect and that discharge of 
deeper groundwater is the main factor'. He went on to comment that in this early 
work, investigations were limited to the salted land itself with little reference made to 
the cause of salting. This difference in approach is particularly borne out in the 
treatment of soils, the past association of particular soil groups with salinity 
development, now being largely ignored. 
Numerous studies have been undertaken based on the regional groundwater 
hypothesis largely using simulation models to predict what areas may be at risk of 
dryland salinity, or what measures should be adopted to prevent outbreaks. These 
models give an indirect, and probably inaccurate guide to the possible severity of the 
salinity problems in particular situations or catchments. The actual relationship 
between rising regional groundwaters or hydraulic pressures and the incidence of 
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dryland salinity, in terms oflocation and extent, has not been quantified. Many 
questions remain to be resolved. These relate to sources and pathways of recharge, 
quantification of recharge, the actual identification of recharge areas and the 
processes and mechanisms involved in deep groundwater contributing to, or causing, 
salinity problems. With such a wide literature now existing, I confine this study now 
to the South-East Region of NSW. 
Scott ( 1991) applied rapid appraisal techniques for the identification of areas at risk 
of dryland salinisation at a regional level in the Upper Lachlan Catchment, based on 
hydrogeology and surface hydrology studies. Although dryland salinity was seen to 
represent a complex interaction of deep and shallow groundwater systems, he 
concluded that deep groundwater pressures, characterised by shallow watertables 
largely drive the dryland salinity cycle. 
From water level trends he concluded that the area most at risk of future expansion of 
salinity is the area of Silurian volcanic geology with an average watertable depth of 
5-20 metres, which is steadily rising. By contrast although water levels are less than 
5 metres from the surface in the Ordovician geological province they had reached a 
'steady state' and future rises were expected to be minimal. Scott suggests that if 
current groundwater trends continue, the Silurian province will reach the same degree 
of widespread salinisation as the Ordovician province within 30 years. The Silurian 
province surrounds Boorowa and extends north and south along the course of the 
Boorowa River, extending beyond the top of the catchment in the south, with a 
minimum extent of 10-15 km in any direction from Boorowa township. Overlying 
much of the this geology are deeply weathered gradational soil profiles with good 
soil structure and good water storage capacity over landscapes of gently undulating 
topography suitable for cropping, particularly winter cereals, and for pasture 
improvement. 
Although the nature of recharge is recognised as being sporadic, the net water use by 
high yielding crops and pasture would be expected to result in a marked reduction in 
accessions to the watertable (Kirkegaard et al. 2001; Angus, 2000). Crop yields on 
these soils at Boorowa are more than comparable with anywhere else in Australia (>7 
tonnes wheat/ha). The improved cropping systems used, together with the tactical use 
of luceme-based perennial pastures, can reduce or eliminate losses to deep drainage 
(Angus et al. 2001). Residual mass curve studies of rainfall for the general area show 
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increased annual average rainfall since the 1940s, which would lead to increased 
groundwater levels (Bradd and Gates,1993). 
Hook (1992) reported on the rapid appraisal techniques for dryland salinity in The 
Upper Lachlan Catchment Pilot Study (1991-92). This study was designed to trial 
various appraisal techniques that could be applied at a regional scale. Assessment 
was made of the techniques used in terms of their capability to: 
• predict likely occurrences of salinity under present land management 
practices, and 
• identify land management principles and strategies, appropriate to the various 
land types, that could be implemented to reduce salinity. 
It was considered that the two approaches currently in use did not meet the 
requirements or urgency of the situation. These were: 
• using landscape attributes associated with known salinity occurrences to 
predict potentially saline sites, and suggest appropriate management strategies 
to be applied; and 
• a study of the hydrologic and hydrochemical processes within a catchment 
and the land features which control them so that the processes of salting could 
be established. 
Although this second approach was judged more reliable than the first, it was 
considered that the collection of field and laboratory data was very time consuming. 
The techniqu~s assessed in the study (Hook,1992) were: 
• land province mapping throughout the catchment, primarily on the basis of 
geology and topography 
• Landsat (Thematic Mapper) image analysis to identify salt-affected and 
waterlogged land 
• hydrogeological investigations using existing bores within a selected area 
(Scott 1991) 
• measurement of electrical conductivity, EC, and calculation of salt loads of 
streams within the catchment; and 
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• detailed studies of factors associated with salinisation/waterlogging within 
representative sub-catchments of provinces. Data were obtained on shallow 
groundwater ECs and properties of the regolith, principally EC profiles. 
Management strategies were based on the premise that salinity can be reduced by 
controlling landscape hydrology, principally recharge, with the primary objective 
being to reduce water movement beyond the root zone. The techniques used in the 
study did not allow the mechanisms of salt concentration to be established or 
pathways of water movement to be precisely defined. Consequently accurate 
predictions of future occurrences and severity of salinity could not be made, nor 
could management recommendations specific to the different provinces. Generalised 
prediction, useful at a regional or State level was considered possible, and it was 
suggested that the extent of salinity would increase in all provinces defined by Hook 
(1992). The main conclusion reached was that 'severity of future salinisation cannot 
. be predicted until mechanisms of salt concentration are more firmly established'. The 
study raised questions relating to: 
• type of salts and processes involved in their concentration 
• the presence of so-called indicator plants, Couch Grass and Sea Barley Grass 
• the role of Pleistocene debris flows and aeolian deposits 
• 'threshold' value of rainfall which must be exceeded before most recharge 
occurs, 
• data on perched watertables and their role in salinisation. 
Doubt was raised on the conclusion reached by Scott (1991). Hook (1992) found that 
understanding of basic processes within the Ordovician metasedimentary and 
Silurian andesite/dacite hydrogeological provinces was limited. These limitations in 
knowledge included: 
• whether there was perching of water over unsaturated materials in valleys, or 
whether the semi-confined nature of the regional groundwater was entirely 
responsible for salinisation at shallow depths; 
• lack of data on regional watertable depths; 
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• lack of information on permeability ofB2 horizons and the underlying 
materials in valleys and their implications for water movement; 
• whether the regional watertable discharged more rapidly in the andesite/dacite 
province, and if so by how much; and 
• lack of data on salt levels and their variation in shallow groundwater, 
weathered bedrock, colluvial material and soils throughout the provinces. 
Except for tree clearing, no account was taken of the effects of past land use and 
management in the intervening period on the development of salinity. Land use 
effects on the discharge sites themselves that have become saline were also not 
considered. 
The need for more detailed studies and the inadequacy of the data used in both 
quantitative and qualitative terms was recognised. There was also acceptance of 
McKenzie's view (1991) 'that unrealistic demands for rapid survey coverage have 
. prevented development oflong-term programs that will ultimately satisfy needs'. 
The Upper Lachlan Catchment Pilot Study (ULCPS) (Hook, 1992) was carried out by 
a multi-disciplinary team and was designed to be completed within a short period in 
accordance with the concept of a rapid appraisal technique. In terms of the total work 
expended and the ancillary resources available, the effectiveness of such an approach 
in this case, compared to the earlier approaches, in achieving its objectives are open 
to question. Many of the studies undertaken by earlier workers with much smaller 
resources and similar urgent time constraints, have just as much predictive value and 
are possibly a better guide to the management principles and strategies that might be 
employed to mitigate salinity, than provided by the ULCPS project. 
Nicoll and Scown (1993) examined processes, and proposed management strategies 
for the Y ass River Catchment. They identified areas most at risk on the basis of 
regional gro1:1ndwater level trends, geology, and the estimated annual recharge rates, 
and the per cent of tree cover. Note was also taken of the presence of indicator plants 
for waterlogging and salinity. The areas most at risk of further salinisation were 
considered to be those where groundwater pressures had increased the most. An 
associated study within the catchment ('the Demonstration Area'), based largely on 
monitoring shallow groundwater within the soil layers, in conjunction with terrain 
and soil studies, was also undertaken. Nicoll and Scown largely associated saline 
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sites and potential salinity with debris flow deposits, originally of aeolian origin 
· (Broughton 1992) on which soloth and solodic soils had developed. These generally 
corresponded to the yellow duplex soils as identified in the Joint Shires Study (Soil 
Conservation Service ofNSW, 1981). The extent of these deposits was assumed to 
define the maximum likely area of salinity. 
The study showed a large area in the lower levels of the catchment, where 
significantly rising deep groundwater trends occurred, as one of the areas most at risk 
of salinity. Similar to the Boorowa area, this is an area of Silurian volcanics overlain 
by deep, generally productive soils, with good structure and water holding capacity. 
Only faint traces of salinity are evident at lower levels in the landscape and these 
show capacity to regenerate under favourable conditions. Much of the study area 
comprises part of the Y ass Plain, which was naturally treeless. Plants growing in the 
watercourses, apparently assumed by Nicoll and Scown (1993) to be indicator plants, 
are species commonly found growing in any natural watercourses in the area under 
wet seasonal moisture conditions. Nicoll and Scown' s recommendations are that 
cropping in this area be replaced with perennial pasture and tree planting. Currently 
wheat crops in the area are yielding more than 5 tonnes/ha (1993) and would appear 
to have the capacity to use a significant part of the soil moisture recharge (Angus, 
2000). Although it is also very suitable for improved pasture, difficulties have been 
experienced in the past in growing trees over this naturally treeless area. 
Over the area where shallow (local) groundwater levels were monitored, it was found 
that these were mostly static or falling, regardless of the amount of forest cover or 
the extent of salinisation. In some areas it was thought that the regional and local 
groundwater systems may interact to cause high groundwater pressures. Seasonal 
waterlogging was observed as a naturally occurring event, particularly on duplex 
soils. From the findings it was concluded that, as shallow groundwater levels had not · 
increased significantly, there was little risk of further salinisation in this landscape, as 
an equilibrium appears to have been attained. However, it was concluded that further 
clearing and/or overgrazing could upset the equilibrium that appeared to have been 
established, resulting in a higher probability of increased salinisation. 
A range of research studies has been undertaken in recent years combining 
hydrogeochemical and isotope techniques with hydrogeological, climatic, 
geomorphological and geological studies to gain a better understanding of dryland 
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salinity processes in the region. Much of this research was in the form of projects 
centred on the Y ass River Valley and the 'Begalia' saline area in the Upper Lachlan 
Catchment (Spring Creek) by Dr I. Acworth, University of New South Wales. In 
summaries of this work Acworth and Jankowski (1993) supported the hypothesis of 
.. Broughton (1992) that dryland salinity was associated with silty-clay debris flow 
deposits of aeolian origin containing large amounts of salt. This silty-clay material 
can be found overlying widely differing rock types in the Southern Tablelands and 
was not developed by in situ weathering of the underlying rock. 
Acworth also suggested that salinity may result from interaction of relatively fresh 
groundwater with these aeolian deposits and mudflow materials, found within the 
many valleys. He considered that increased recharge associated with clearing has 
caused these groundwaters, which are not in chemical equilibrium with the · 
introduced silty clays, to move upward through these clay deposits. 
Monitoring of deep bores and salinity levels confirmed a rapid response to rainfall 
events. It was found that many of the deep fractured rock aquifers were not saline. 
Instead changes occurred in the upward movement of groundwater through the silty"' 
clay deposits. In many cases however, the silty-clay material can also act to retard 
groundwater leaking up from fractured rock aquifers. In situations where no clay 
deposits overlay the deep groundwaters they discharge at the surface as fresh springs 
supporting an extensive growth of wetland plants. It was found that the chemistry of 
the groundwaters in the deep bores and shallow piezometers at these sites was very 
variable. Acworth concluded that 'it was only the combination of silty-clay and deep. 
groundwater discharge which is problematical'. Where clay exists in other parts of 
the catchment it supports soil development and healthy tree growth. In the Y ass 
Valley, Acworth shows deep groundwater as the agent of salt mobilisation. 
Additional studies have been undertaken in the Williams Creek sub-catchment in the 
Yass River Valley. The report by Bradd and Gates (1993) summarised the findings 
from this work. The purpose of their work was to outline the relationship between 
dryland salinisation, salt export and surface water salinities, to provide a time frame 
for the effects of both stream and land salinisation, and indicate recharge/discharge 
processes and to identify the major recharge units. Recharge/discharge areas were 
identified by using water level and isotope data from bores and transects across the 
catchment. Each sub-catchment was found to behave as its own recharge/discharge 
55 
unit, with most of the salt in the catchment being stored in the top few metres of soil 
and weathered bedrock. Thus episodic and localised recharge plays an important role 
in the transport of salts. Recharge occurs in all sub-catchments during winter months, 
after several months of moderate rainfall. Deep bore groundwater level data shows a 
sharp and distinct peak seasonally, occurring in either early or late winter, depending 
on the onset of rain. The shallow piezometers respond to both seasonal variations and 
episodic storm events. Specific storm events were also found to provide recharge to 
the shallow aquifers, and at times to the deeper fractured rock aquifers. The hydraulic 
heads from the deep aquifer were found to pressurise the shallow saline aquifer. 
However, the fact that each sub-catchment acted as its own recharge/discharge cell, 
explained the multiple outbreaks of salinity. It appears that sub-catchments were 
aligned in the same plane as lineament orientation. Whilst this may suggest 
geological control; it is probably more indicative of the fundamental role of structure 
in landscape evolution. 
The yearly data (Fig 2.4) showed below average rainfall from 1899 to 1946, and that 
since 1946 there had been above average rainfall. The clearing of land of native 
. . 
vegetation may not have been the only reason for a rise in water table in the area. The 
higher rainfall may have also have increased recharge to the groundwater system. 
Although stream salinity concentrations were found to be highest when the stream 
discharge was basetlow, the greatest output of saltload occurred during storm events 
when discharges are significantly higher. The salt balance in the catchment is at 
present far from equilibrium, with salt export occurring from storage in both the 
saturated and unsaturated zones. However, the storage in the unsaturated zone is 
' 
unknown. Ignoring this, it 'was calculated that it would take at least 30 years to export 
the stored chloride in the catchment. It was concluded that remedial measures in the 
catchment need to address the hydraulic and geomorphic characteristics at a sub-
catchment scale, as well as regional-scale land management categories of the whole 
Yass River Valley mapped by Nicoll and Scown (1993). 
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Figure 2.4 Rainfall at Yass. Yearly data 1899-1992, and Residual Mass Curve 
(Bradd & Gates, 1993) 
::: 1-----·------ -·~-···--···---- -·1 
1000 ~ 
I eoo J ~ 600J z . 
~ 400 -
200-
YEAR 
1000 
Scott (1990) had suggested that salinisation was caused by evaporation from the 
shallow colluvium unit. He suggested that this colluvium unit received permanent 
upward leakage from the underlying confined fractured rock aquifer. Based on 
hydrochemical studies in the same area, Herwantoko (1991) found that the 
composition of some shallow piezometer waters were influenced by deep 
groundwaters, hence artesian deep groundwaters could contribute to the rising 
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watertable giving rise to degradation. The hypothesis (Broughton, 1992) of clay rich 
overlying deposits of aeolian origin, and processes of hydrochemical reactions 
between deep groundwaters and these deposits as factors in the development of 
salinity (Acworth and Jankowski, 1993) was acknowledged. 
Tassell ( 1994), examined geological factors influencing dryland salinity risk. This 
study was similiar to work undertaken by Lewis (1992) in Western Australia. By 
isolating a set of diagnostic geological factors unique to salinised sites, Tassell 
proposed to incorporate these factors in a model which could be used to pinpoint 
other sites that may be at risk of salinity under similar climatic and land management 
conditions. This could be used in other geographical areas with minimal 
modification. Others have observed the relationship between geological structures 
and dryland salinity occurrence. Bradd and Gates (1993) noted the alignment 
between lineaments, sub-catchment boundaries and salinity outbreaks. Similarly 
Beavis and Beavis (1997) indicated a close relationship between geological factors 
and land degradation features such as dryland salinity and soil erosion in the 
Narrallen Creek catchment, Lachlan Valley, NSW. Geologic structures as a dominant 
control factor in landscape evolution must influence the direction of groundwater 
movement and the consequent development of dryland salinity. Tassell's model 
represents another predictive tool in indicating areas in the landscape that may be at 
risk of salinity. 
2.6 Dryland Salinity in the Murray-Darling Basin 
A comprehensive study of dryland salinity management in the Murray-Darling Basin, 
prepared by its Dryland Salinity Management Working Group, was published by the 
Murray-Darling Basin Commission in June 1993. Much of this study is relevant to 
the South-East Region. · 
To optimise the Commission's role, the authors found that two fundamental 
questions had to be addressed: 
1. Is dryland salinity a significant basin-wide problem? 
2. If dryland salinity is a problem, how is it to be efficiently managed? 
Because of the lack of relevant data it was concluded 'it is not possible at this stage 
(1992) to construct a detailed picture of the current extent, severity and rate of change 
of dryland salinity'. From the data available, best estimates were attempted of the 
current situation (1992). The Dryland Salinity Management Working Group 
58 
considered, that depending on the scale of the management unit, a suite of models 
that have the ability to make predictions at different scales were required for future 
estimates. Their report concluded that there was an urgent need to predict where and 
when the effects are most likely to occur under a range ofland use/management 
options. With this knowledge it should be possible to determine management options 
which would minimise the effects of salinity, and to strategically implement 
preventative actions before the problem is expressed. 
All management issues were addressed in the study, and their environmental, social 
and economic implications examined. It was stressed that strong support should be 
given to integrated water and land use/management planning on a catchment basis, at 
scales ranging from basin-wide to individual properties, which integrates dryland 
.salinity management objectives with other land and water degradation management . 
and productivity objectives. Moreover, because of the widespread effects of dryland 
salinity, management must also be the responsibility of individual landholders, but 
support must be given to the adoption of 'best bet' agronomic management options 
involving cropping and grazing management systems, agroforestry and tree planting, 
as well as measures for modifying soil conditions. The need was seen for better ·. 
coordination of all activities addressing dryland salinity management. In terms of 
land management and treatment of salinity, 'recharge' is seen as the cause and 
'discharge' or saline areas as the symptom. While this may apply in broad terms, it 
represents an oversimplification. There may be a number of intrinsic or extrinsic 
factors associated with salinity development that may limit or increase the risk of its 
development on any particular site or in any particular area. 
The Dryland Salinity Management Working Group (1993) stated that research had 
shown that in the Liverpool Plains, an extra 10 mm to 30 mm of rainfall a year has to 
be transpired through plants to halt rising watertables. This represents a very small 
proportion of the total rainfall. The figure is consistent with other estimates as far 
back as Abbott (1880) and current CSIRO studies (Williams and Cresswell, 1995) 
where difficulties have been found in measuring the losses past the root zone because 
of the small fractions involved. Such a figure is based on average annual rainfall and 
current land use and management practices. It does not take into account episodes of 
above average events. It has already been noted that a number of early workers, 
(Wagner 1956, van Dijk 1968) drew attention to the apparent episodic nature of 
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rainfall events, recharge and salinity development. The significance of this is 
recognised to some extent in the study in the recommendation that there should be 
research into 'assessment of the significance of episodic recharge events'. 
The Murray-Darling Basin Commission consistently treats salinity as a progressively 
·spreading problem with the area affected seen as increasing at a compounding rate 
over time. This is a consequence of its acceptance of the concept that salinity is 
predominantly driven by deep groundwater systems, unresponsive within a 
reasonable time scale to recharge control options. 
Williams and Cresswell (1995) have attempted to provide more reliable predictions 
on the effects of current and alternative land use practices on deep drainage and 
subsequent recharge to groundwater systems, based mainly on one-dimensial 
numerical modelling. The search is for farming systems which significantly reduce 
the loss of water beneath the root zone and thereby provide a means oflong-term · 
salinity control. Community salinity management plans have been developed, but the 
effectiveness, in terms of recharge control, is uncertain. They are seen as being 
largely based on generalised expectations. 
Recent research by Angus (2000) and Angus et al. (2001) shows that high-yielding 
crops and perennial pastures transpire more water than the crops, annual pastures and 
fallows of the past, and can reduce or eliminate groundwater recharge. Higher water 
use by crops and pastures of the future may be able to prevent, or greatly delay, the 
predicted salinity threat. This work is continuing, but supports the view held here, 
that it is not so much the need for 'new farming systems' but 'improved farming. 
systems'. 
2. 7 General Discussion. 
Much of the discussion in the above review revolves around soils, sources of salt, 
transmission of salt, sources of groundwater, the nature of the phenomena and the 
conceivable limits to the spread of salinity. Some of these aspects will now be 
reviewed. 
(a) Soils. Many of the early workers associated salinity with shallow seasonal or 
perched watertable conditions, generally associated with particular soil groups. A 
feature of these soils was low permeability at depth or generally an impermeable 'B' 
horizon. Seepage moved laterally downslope through the more permeable surface 
horizons on top of the 'B' horizons, picking up and transporting salts in its course 
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and concentrating them at lower levels in the landscape. The impermeable 'B' 
horizon was also frequently seen as an aquaclude to the upward movement of water 
from the deeper groundwater aquifers. Dahlhaus et al. (2000), also favour this model. 
Generally the soils were classified as soloth-solodic or solonetzic and met the 
definition of saline and sodic soils as defined by Northcote and Skene (1972), The 
limit of their distribution was seen to set a spatial limit to the spread of salinity. 
Detailed pedological survey work was often carried out by the early workers to 
establish their distribution. 
Little of the current research work associates dryland salinity with particular soil 
groups. There is general acceptance that, 'salinity is a water rather than a soil 
problem' (Kelley, 1951), and little attention is given to soils in much of the current 
work. 
(b) Soil genesis. There is general agreement in classification of soils considered 
prone to salinity. However, different concepts of their genesis have been proposed. 
van Dijk and Woodyer (1961) associated salinity with different soil landscapes or 
'K-Cycles' (Butler, 1959). Gunn (1969) found that soils in the Queanbeyan-
Shoalhaven area had been formed on truncated zones of the weathered mantle, and 
on colluvial-alluvial material derived from it. The presence of salts in weathered 
zones and their distribution by seepage and run-off would account for the 
development ofhalomorphic soils on lower slopes and bottomlands. Packard (1984) 
associated long-term lateral seepage and perched watertables with soil formation and 
the development of modem day saline seepage erosion sites, over greater lengths of 
time than post-European settlement. 
In contrast, Broughton (1992) proposed that a fine- grained, salt-rich, clay-rich 
material of aeolian origin 'parna' was initially spread over the entire landscape during 
the last glacial maximum. This material was subsequently redeposited, and 
accumulated at constrictions in the landscape and at footslopes and in drainage lines. 
It settled into a highly consolidated mass oflow permeability and contains large 
amounts of salt, associated with the high chloride content of the original aeolian 
material. The soils formed on these deposits are soloths and solodics. Besides acting 
as a semi-confining layer to the deep groundwater system, the upper soil horizons 
· above the impermeable zone can become saturated and lead to perched watertables. 
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The subject of aeolian deposits as a source of parent materials has been a very · 
contentious issue in soil science in south eastern Australia (Beattie, 1966). The 
properties of 'pama' occurring in such an easterly location, as proposed by 
Broughton as a clay rich material with a high salt content, is consistent with previous 
interpretations of its changing properties in relation to distance travelled from its 
source. As a source of salt it presents an interesting hypothesis. 
(c) Landform and Salinity. Most of the early studies (Cope, 1958) saw dryland 
salinity as principally occurring on localised seepage discharge areas at low points in 
the landscape, with such landscape elements setting a limit to its spread in any 
particular situation. More recent models, based on deep regional groundwater rises, 
assume a progressive spread of salinity across the landscape, irrespective of the 
different landscape elements involved. 
Some studies show that geological structures influence the direction of groundwater 
movement, and may be a predictive tool in indicating areas in the landscape that may 
be at risk of salinisation (Lewis 1992, Tassell, 1994). In itself, this does not support a 
hypothesis of a progressive spread of salinity across all landscape features. 
( d) Sources of salt. Dry land salinity cannot occur without a source of salt. Principal. 
sources of salt are seen as: 
• rock weathering, 
• cyclic salts. (Atmospheric accessions picked up over oceans and deposited in 
rainfall,) and 
• aeolean deposits (Broughton, 1992). 
Cope (1958) saw the principal source of salt in the soil was from cyclic accessions in 
rainfall. Because of the impermeable 'B' horizon associated with soils affected by 
salinity he saw little gain or loss of water and salts from artesian sources. Others such 
as Teakle (1938) and Downes (1949) also attributed the source of salt to cyclic 
accessions, or in weathered material, and later distributed during the process of soil . 
formation or subsequently concentrated through interference with the natural cycle of 
moisture movements following European settlement. 
In Western Australia, Holmes (1979) concluded that there was not enough salt in the 
permeable soil horizons to bring about salinity by throughflow as ascribed by 
Conacher (1975) and Whittington (1975), and that there must be upward seepage of 
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water and salt in solution through the lower apparently impermeable horizons from a 
deeper rising watertable, under pressure. 
van Dijk (1969) suggested that significant stores of relict salt, accumulated as a result : 
of atmospheric accessions, were present in Palaeozoic sediments and in weathered 
rock beds constituting the basement of ancient strath valley floors. The subsequent 
dissection of the straths left these salts stranded in the present elevated situations of 
the residual hills and ridges. These salts are now released in larger quantities during 
periods of sudden heavy rainfall following prolonged severe droughts. 
· Gunn (1985) found that all salt-affected areas were underlain by, or occurred in Close 
proximity to, deeply weathered volcanic granitic or sedimentary rocks, which· 
· commonly contained stores of soluble salt, dominated by sodium chloride. No salt-
affected soils were underlain by unweathered rocks. He established a close 
correlation between the salinity of the shallow groundwaters and the lithology of the 
weathered rocks on which they occur, and considered that no relationship could be 
established between atmospheric accessions as a source of salt and the occurrence of 
salinity. 
Broughton (1992) assumed that salt has its origin in aeolian deposits which once 
blanketed the area. The underlying rock is irrelevant. In supporting this hypothesis, 
· Acworth (1993) confirmed aeolian material overlies widely different rock types in 
the Southern Tablelands. 
The occurrence of salinity has been associated with weathered sedimentary geology, · · 
particularly Ordovician meta-sediments (van Dijk, 1958; Soil Conservation Service, 
NSW, 1981 ). However, this geological rock unit had shown the greatest regional 
groundwater rise (Bradd, 1995). Groundwater rise, in conjunction with the salty 
aeolian deposits could cause salinity development. 
Whilst it is conceivable that within the region all the above sources of salt could 
contribute to salinity, the most obvious conflict is between the hypothesis proposed 
by Broughton and supported by Acworth, and that of other workers. The work by 
Gunn (1985) requires further assesment. 
On the Liverpool Plains, Acworth and Moore (1995) found that the salts were bound 
up in shallow impermeable clay deposits, and there could only be a salinty problem if 
the overlying shallow soil was stripped off, and the clays were subject to weathering. 
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Stauffacher et al. (1998) disagreed with this, and considered that these clays would 
be the source of salts when subjected to upward pressure. 
(e) Sources of groundwater. Not only is there disagreement between various workers 
as to the sources of salt but also to the sources of groundwater involved in its 
transmission, final concentration in surface horizons, and the bearing this may have 
on the potential magnitude of the problem. Many of the early workers saw the 
salinity problem as largely occurring within the soil profile. Salt outbreaks were often 
associated with periods of above average rainfalls and recharge to soil profiles, and 
this explained the episodic nature of salinity development, and, in conjunction with 
evaporation, explained the waxing and waning observed on some saline sites from 
season to season, or over the course of years. 
Holmes (1979) presented a contrary interpretation. In Western Australian there was· 
insufficient salt in the permeable surface horizons to cause a salt problem. A 
significant amount of water and salt could move through lower, very poorly 
permeable strata given sufficient time, and a slowly varying, and increasing, upward 
hydraulic head gradient. In Cope's (1958) study in Victoria higher accumulations of 
salt apparently occurred in the soil profile than in the Western Australian situation 
examined by Holmes (1979). 
Many current workers see dryland salinity as caused by an interaction of deep and 
shallow groundwater systems. At a regional scale deep groundwater systems drive 
the dryland salinity process. They may pressurise the shallow groundwater systems, 
or be the direct agent of salt mobilization (Acworth and Jankowski, 1993). Because 
of steadily rising deep groundwater levels, salinity is seen as a progressively 
increasing problem at predictable rates of expansion. Recently there has been some 
modification of this thinking with thought now being given to the significance of 
episodic recharge events (Murray-Darling Basin Working Group, 1993). 
Hook (1992) drew attention to limitations in knowledge of processes and salting 
mechanisms. She also drew attention to the lack of information on perching of water · 
over unsaturated materials and their effects compared to the part assumed to be 
played by regional groundwater, permeability ofB2 horizons and their implications 
for water movement, and depth and discharge rates of regional watertables. Studies 
showed that soluble salts contained in deep groundwaters within the region may be 
irrelevant to salinity development with low salinity levels found in most deep 
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groundwater systems, both in the Silurian volcanic and Ordovician sedimentary 
provinces. 
In its simplest form, the question is whether dryland salinity is largely a localised 
phenomena, mainly associated with shallow perched watertables and processes and 
mechanisms largely within the soil profile, episodic in its development and limited in 
its spatial extension; or whether it is a problem of potentially much greater 
dimension, driven by rising regional groundwater systems, progressive in nature and 
predictable in its spread with the potential to affect much greater areas than formerly 
envisaged. 
( f) Rainfall and salinity. Dryland seepage salinity mainly occurs in areas of southern 
Australia with a Mediterranean climate. An annual rainfall of 400-800 mm appears to 
impose a limit to its spread, with its principal occurrence being within the 600-700 
. mm. range. Many of the early workers noted episodic or spasmodic outbreaks in 
conjunction with periods of fluctuating rainfall, particularly with a period of two or 
. three wet years followed by a return to drier conditions. Recent workers have also 
noted the effects of short term increases in rainfall on salinisation, but also suggest 
that above average annual rainfalls from the 1950s to the 1990s could be partly 
responsible for increasing recharge to groundwater systems over the period, inducing 
salinity (Bradd and Gates,1993). 
(g) Recharge and salinity. W.E. Abbott (1880) observed how permanent stream 
flow may develop in generally previously dry watercourses following the death of 
trees after ringbarking. In his area he estimated that it would take only 2.5% of the 
annual rainfall to maintain such permanent flow. George (1984) estimated that 
increased groundwater recharge of only 20mm in response to forest clearing was 
sufficient to cause a seepage scald. Nulsen (1993) found that following development· 
for agriculture, the additional recharge responsible for causing salinity averaged 
between 5 to 50mm/year. Williams and Cresswell (1995) thought that it may be 
possible in the Liverpool Plains situation to develop farming systems, involving 
opportunity cropping, that would reduce recharge to former levels under woodland. 
More recently Angus et al. (2001) proposed that crops and pastures of the future may 
be able to reduce or eliminate groundwater recharge, and greatly delay or prevent the 
predicted salinity threat. Others, such as Hatton ( 1996), consider that this can only be 
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achieved by returning up to 50% of each farm in the 600-800 mm rainfall zone in this 
region back to trees. 
(h) Salinity and erosion. Bullock (1989) posed the question as to whether 'the 
salinity preceded the erosion' or 'the erosion preceded the salinity'. Wagner (1986), 
from his observations over many more sites, supported the former view, seeing 
salinity development as a more immediate predisposing cause of erosion, but 
observed that following the initial denudation, the two could move in conjunction. 
Cope ( 1958) saw the main problem as the erosion hazard that salting induces. 
(i) Tree clearing and salinity. The relationship between tree clearing and the 
subsequent development of dryland salinity has been widely accepted. Early workers 
tended to view the effects more at a local scale. Recent workers have viewed it more 
in a regional context, in terms of its potential effects on deep groundwater systems. 
Associated with this question is the concept of 'lag', the interval of time between the 
death or clearing of timber and the subsequent development of salinity. Most 
discharge areas below cleared lands have not, to date, become saline. Also wide 
variations often exist between the length of time between clearing and salinity 
development in conjunction with simultaneous outbreaks of salinity. 
More recently, tree clearing as the primary cause of dryland salinity has been 
challenged. Some areas affected by salinity were originally only sparsely timbered, 
and it is considered that the subsequent grazing management following clearing 
(Nicholson and Seis, 1993), and the loss of permanent ground cover (Jones, 2001), 
has been the principal predisposing cause of salinity. This is more fully examined 
below. 
(j) Development of salinity. The development of dryland salinity by early workers 
was viewed as catastrophic (Bullock, 1989), spasmodic (Cope, 1958; van Dijk, 
1969), episodic (Wagner, 1986), or fluctuating or sporadic, but with few exceptions, 
not as a progressively degrading phenomenon with almost unforeseeable limits in its 
spread across certain landscapes. Projections made by current workers, largely based 
on the deep groundwater hypothesis, suggest that dryland salinity will progressively 
increase in its spread, generally at a compounding rate, until much larger areas are 
affected. European settlement and clearing commenced in the region approximately 
175 years ago, and one could reasonably ask why such rates of increase have not 
occurred, at least in some areas, in the past. With significantly less than 1 % of the 
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South-East region affected by salinity, and outbreaks being limited and confined to 
certain particular areas in the landscape, it is apparent that such a progressive 
expansion has not occurred at any time previously. Although new outbreaks of . 
salinity have been observed in some areas in recent years, this is not to say that this is 
indicative of a continuously progressive process as made in some projections or 
~uggested by some models, or at least not to the extent proposed. Such projections 
have now been made for more than a decade. Over such a period of time there should 
be field evidence that such rates of expansion are actually happening. 
Photographs of saline sites known to have been in existence for more than 40 years 
are still frequently being reproduced in contemporary publications to indicate how 
alarmingly the dryland salinity problem is currently expanding. In this thesis, I will 
now use a sequence of aerial photography and field observations to track the spread 
of salinity across the study region. 
2.8 Conclusions from the Review 
The research review indicates that some areas in the north of the south'"east region of 
NSW could be inherently predisposed to salinity outbreaks. It i_s within a climatic 
zone, and has the landscape attributes of soils, landforms and hydrogeology, 
conducive to the development of dryland salinity. 
Areas of non-alkaline sodic duplex soils occur (Northcote and Skene, 1972), and 
there are a possible number of sources of salt, in conjunction with a poosible number . 
of groundwater sources for their mobilization. 
Widespread clearing from early in the history of European settlement, and subsequent 
changes in land use and management, would have been conducive to increased 
recharge, and increased seepage at lower levels in the landscape. Also the denudation 
of these lower seepage discharge areas may have made them more vulnerable to 
salinity development. 
In conjunction with the above changes a wetter period over the last fifty years, 
. together with fluctuating annual rainfall patterns, may have been f~vourable to 
episodic outbreaks of salinity. Without changes in land use and management in the 
future, such a hazard still remains. However, some of the changes in grazing 
management practices and cropping systems, shown to reduce groundwater recharge 
and the salinity hazard, are already being adopted in the region. 
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3 DRYLAND SALINITY IN THE SOUTH-EAST 
REGION OF NSW. 
3.1 The Study Area (Fig. 3.1) 
The area of study covers the South-East Administrative Region as defined by the 
Soil Conservation Service ofNSW 1986 (Fig. 3.1). Extending from the coast to 
beyond Boorowa in the west, the region generally straddles the Great Dividing Range 
incorporating the Snowy Mountains area to the south, to the Victorian border. In the 
northern section, with which this study is most concerned, the headwaters of the 
Shoalhaven, and W arragamba Catchment arise on the eastern side of the range, and 
the headwaters of the Lachlan and Murrumbidgee River systems on the western side. 
The latter two systems constitute important sub-catchments of the Murray-Darling 
Basin system. 
The upper headwaters of all the above catchments are known to have significant 
dryland salinity outbreaks; the most widely publicised being those in the Y ass River 
Catchment, a major tributary of the Upper Murrumbidgee River; and areas around 
Bevendale, and Rye Park to Rugby in the Upper Lachlan or Wyangala Catchment 
system. Minor salt scalds have been reported in the Bredbo-Cooma area and as far 
south as Bombala. A brief reconnaissance of these areas, as part of this study (1996), 
showed no significant dryland salinity problems. 
3.2 Occurrence of Dryland Seepage Salinity in the South-East Region. 
For the south-east region ofNSW, the 1990 data in Table 3.1, based on 1980 aerial 
photography, are the only dryland salinity data available that cover the region as a 
whole. Since it was compiled, there may have been some marginal increase in the 
area affected in the Bevendale-Blakney Creek area. Soil conservationists estimate 
that there has been a 30 per cent increase in the affected area around Boorowa over 
the last two years, but this is from a very low base figure. A consensus of landholders 
in the Rye Park area, September 1995 (Landcare Meeting, Rye Park) indicates that, 
except for one or two outbreaks under overgrazed conditions, the situation is better 
than it was five years ago - especially in the Pudman Creek Catchment. 
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Table 3.1 Dryland salinity: South-East Region NSW. Soil Conservation Service 
ofNSW 1990. 
Map Sheet 1:100000 Saline area (ha) Percentage of total area 
Boorowa 569.97 0.25 
Braidwood 718.88 0.31 
Brindabella - -
Canberra 639.39 0.28 
Crookwell 467.62 0.20 
Goulburn 411.12 0.18 
Gunning 5982.02 2.59 
Taralga 97.41 0.04 
Yass 1296.62 0.56 
TOTAL 10182.37 Mean percentage 
0.49 
Dryland salinity occurs exclusively in the northwest section of the region (Fig. 3.2 
[SCS ofNSW, 1987]). It is not found in the higher elevated parts in the south, and as 
shown in Table 3.2, rarely in higher rainfall regimes (Wagner,1986). Mean annual 
rainfall for most sites, and those most significantly affected, seldom exceeds 700mm 
per annum. The only exceptions to this are three significantly affected sites in the 
Binda area and one near Braidwood (rainfall approximately 750mm per annum). 
, Only minor outbreaks, with little apparent potential for spread, were found at higher 
levels ofrainfall. This generally agrees with Cope's (1958) observations in Victoria. 
Table 3.2 Rainfall and salinity South East Region NSW (Wagner 1986) 
Rainfall (per annum) 
<700mm 700-750mm >750mm 
No. of sites 73 14 5 
No. significantly affected (1986) 42 4 Nil 
69 
-...J 
0 
< 
...; 
< 
a: 
._ 
~ 
~ 
<. 
= ;-
:;;; 
... 
...., 
..,., 
l.EGEND 
• lroken HiH 
HHd Office .................. 8 
· _hgionol Office ....... · ....... ®· 
District Office . . . . . . .. . . . . . . . .. • 
Research C•ntre . . : . . . ·. . ·. : .. :- .A 
Research Service Centte · .... ". . A. 
. · R~ionol loundory ......... ~ 
QUEENSLAND. 
··-···· 
•Coliot 
. WESTERN 
Mor•••· 
Worialck.• G•fttnne• 
• • G1ohon NORTH. 
Coif• 
Harbovr • 
9Armi4ol• 
.. ~ 
~­
~-
"5 
~ 
"'!;' 
l.l.! 
v 
0 
Soil. Con1ervotion Service of N.S.-W. I . 
SOUTH EAST REGION 
LOCATION MAP 
I 
SC~lE 
km 100 .·50 0 lOO 200 
-
~ 00 .... 
C> (JQ 
= = ~ ... ('D 
C> ~ 
= ;... fl'J ('D 
... a= < a 
.... 
.§ 
C> C> 
= 
...., 
00 2 ('D ('D 3. ~ 
t) 00 ('D C> 
C> a ...., 
=-2 ~ ~ to 
" 
;" 
.... 
rl'l 
\C fl'J 
QC =-c:1'I C> 
':-"' ~ 
=· (JQ 
0 
t) 
to 
.... 
.... 
C> 
= C> 
...., 
;. 
('D 
00 
C> 
= ;. 
I 
tJ:j 
to 
rl'l 
.... 
~ 
30Dkm 11,9. 
C> 
= 
While there are significant occurrences east of the Great Dividing Range in both the 
upper Shoalhaven and Warragamba catchments, there is more extensive development 
west of the range in the headwaters of the upper Lachlan and Murrumbidgee Rivers, 
part of the upper catchment of the Murray-Darling Basin. This is shown in Table 3.1 
where the 1 :100,000 Map Sheets show approximately 90 percent of the regions' 
dryland salinity occurs on the inland river catchments. Most of the salinity in the 
upper Murrumbidgee catchment, above Burrinjuck Dam, is confined to the Yass 
River sub-catchment. 
Salinity may be confined to a single property, or within a localised area where a 
particular land surface or sub-catchment may be affected. Recharge zones to such 
areas also appear localised. Field observations indicate that one discharge site may 
become saline while a similar adjacent one, with a common recharge area, has not. 
This suggests local land management as a cause. The majority of affected sites occur 
on low footslopes and drainage depressions on duplex solodic or solonetzic soils 
formed over Ordovician meta sediments, the dominant geology over much of the 
area. 
Wagner (1986) concluded from his study that dryland salinity in the region had been 
a more immediate predisposing cause of erosion than previously realised. All sites · 
examined in his study were at some time eroding to some degree. More recent studies 
and mapping have included areas not eroding but showing vegetation changes 
attributable to salinity. Soil textural changes particularly in surface horizons generaily 
accompanies such changes. Such sites are similarly predisposed to accelerated 
erosion. 
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Figure 3.2 Map of the occurrence of dryland salinity in the South-East Region 
NSW. Soil Conservation Service ofNSW, 1987 
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Figure 3.3 Map of areas affected by dryland salinity in the South-East Region 
in relation to the occurrence of Ordovician meta sediments. Soil Conservation 
Service ofNSW, 1987. 
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3.3 Development of Dryland Salinity within the South-East Region 
Unlike some other parts of Australia no historical accounts have been found in the 
literature of the development of dryland salinity in the South-East Region. However 
personal accounts from some older landholders indicate that there was an awareness 
of an impending problem. One landholder in the Y ass Valley related that his father 
had told him that the first salt patches appeared on their property after the 1902 
drought (see Wagner,1986). Another spoke of salt patches developing in the Hickeys 
Creek sub-catchment, Y ass River, 70-80 years ago, after the trees were cleared. 
Another salt area at Blakney Creek, The Upper Lachlan catchment, was known to 
have developed before 1900, following clearing, cultivating and cropping by the 
original selector; possibly sometime after 1880. This is the oldest known saline area 
in the region. Accounts were also given about efforts of a progressive farmer to 
obtain professional advice as to how to counteract 'salt' and 'soda' patches 
developing on his property at Bevendale in the in the early 1930s. 
Wagner's (1986) study gives an overview of the development of dryland seepage 
salinity over the region as a whole; whilst van Dijk's (1958) survey gives some 
insight into its development specifically in the Yass River Valley. Information for 
Wagner's ( 1986) study was obtained from an examination of sequential aerial 
photography from 1941-1985, actual field inspections of sites, and from discussions 
with landholders in the areas concerned, particularly the older landholders, some of 
whom had relevant personal knowledge of the development of the phenomena on 
their own particular property, or in the locality. 
In this work, data from Wagner's ( 1986) study have now been revised and extended 
to include two previously unmapped sites in the Bungonia area, within the 
Shoalhaven catchment. These data are summarised in Table 3.3. 
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.Table 3.3 Development of dryland salinity sites across the South-East Region, 
· NSW (after Wagner, 1986). 1941-43to1986 (total of 94 sites) 
Period Nil Minor Significant Nil Degrading No Regeilerat 
salinity 
salinity 
1941-44 30 45 
1950-53 18 53 
1960-63 4 25 
1970-73 2 32 
1982-85 7 38 
1986 7 40 
. * 
** 
Regeneration 1s relative 
Initial observations 
salinity observatiion apparent 
s change 
10 9 55** 30**.· 
19 4 66 20 
61 4 73 12 
57 3 53 25 
49 
-
47 22 
47 
-
48 17 
*** Includes 7 sites showing no salinity where full regeneration has taken place 
ing* 
Nil** 
4 
5 
13 
25*** 
29*** 
The terms 'minor' or 'significant' in Table 3.3 indicate the degree of salinity 
development at a number of sites at the initial observation (1941-44 ), or at any 
particular subsequent observation. The headings 'degrading' or 'regenerating' 
indicate the changes over the total number of sites since the previous observation .. 
The terms, however, are relative. Changes on one site could be more marked, or of a 
greater degree quantitatively, than the changes on another. Also the term 
'regenerating' indicates that some degree of regeneration has been noted since the 
previous observation. In a subsequent observation the same site could be observed to 
be degrading. This means that the data only give a general view of the situation at arty 
particular time and the general fluctuations that may occur from one observation to 
the next. Further information on particular sites can be obtained from the 
Appendices of Wagner's (1986) study. 
The data show that at the time of the initial photography 1941-44 (the earliest period 
for which photography was available), 30 of the sites showed no salinity, 55 show.ed 
some salinity development with 10 of these being classified as a significant 
· occurrences. No observations were possible on a further 9 sites because aerial 
photography was not available. 
Of the 45 sites showing at least minor salinity occurrence at first observation, 
approximately a quarter of these showed only faint traces of salinity such as a 
observable thinning of ground cover in drainage depressions or a few very minor· 
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denuded patches in some cases encompassing only a few square metres. These are 
often observed in paddocks in the area and whilst some may degrade to become a 
more serious problem, many such sites frequently regenerate under more favourable 
seasonal conditions. Most sites showing significant salinity in 1941/44 appeared to 
have been oflong-standing nature. Two of the sites were in the Bevendale-Blakney 
Creek area, three in the Y ass River catchment, and one each in the Currawang, 
Tarago, Boro, Gunning and Laggan areas. 
All sites classified as significantly affected showed an extensive denuded area, often 
seriously sheet and gully eroded with superficial indications of salt at the soil surface. 
These generally had the appearance of being very difficult or beyond feasible 
reclamation by conventional means. Of the sites in the Bevendale-Blakney Creek and 
Yass River areas, at least three were known to have been cultivated for cropping 
prior to becoming saline. Similarly, the badly degraded site in the Boro area showed 
evidence of cropping, prior to 1941. 
The 1950-53 photography showed that a further twelve sites had developed salinity 
since the 1941-43 observations, all previously affected sites had degraded to some 
extent, some to a significant degree. The latter development showed no particular 
pattern, sites being scattered across the northern part of the region. Of particular 
interest, was the significant development of salinity at two sites north of Binda under 
somewhat different environmental conditions and land management to the affected 
areas in the rest of the region. These sites have subsequently proved very difficult to 
rehabilitate. They are more fully examined within the thesis. 
The most marked development was in the interval between the 1950-53 and the 
1960-63 air photographs. Some photography for the year 1960 indicates that much of 
·this development had already taken place. This accords with local observations that 
while there was some extension of the problem in the early 1950s there was a 
significant increase in the late 1950s. van Dijk (1969) also recorded heavy outbreaks 
of 'spasmodic localised salting' in the Yass Valley in the summer of 1958-59; this 
development appearing to be related to a combination of weather factors. In an earlier 
survey (1958), based on farmers' observations, he listed the number of years since 
· salinity was first observed in each case. Whilst figures from 3-12 years were often 
given, a figure of 25-30 years was a common observation. 
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A principal feature of the 1960-63 observations is that many of the sites that had 
previously only shown minor salinity in 1950-53 had degraded to a state where they 
were significantly affected and a number had reached their maximum areal extent. 
Only twelve sites showed no apparent change. Five showed marginal regeneration 
but frequently this was not sustained, apparently being part of the waxing and waning 
phases sometimes noted with the dryland salinity. At the end of this period, of the 
ninety sites where observations were possible, only four sites showed no salinity. 
Although the data from Table 3.3 indicates little increase between 1960-63 and 
1970-73 in the number of sites affected by dryland salinity, an examination of 
Wagner's (1986) site descriptions shows marked fluctuations between sites. Whilst 
the majority (53) continued to degrade, 25 showed no apparent change or increase in 
areal extent, whilst only 13 of sites showed some degree of regeneration during the 
interval. A limited amount of aerial photography available for 1976 indicates that this 
trend continued. In some cases this may have been due to improved management in 
conjunction with more favourable seasonal conditions. 
Data from Table 3.3 for 1986, and from actual site inspections in 1986, showed that 
approximately half the sites ( 48) under observation continued to degrade, principally 
due to increasing salinisation in conjunction with erosion, whilst slightly less than 
one-fifth ( 17) showed no apparent change since the previous observation. The 
balance (29), an increasing number, showed some regeneration. In a number of cases 
this was as a result of comprehensive soil conservation rehabilitation programs being 
undertaken. Seven sites were considered to have fully regenerated, generally having 
complete ground cover and no surface signs of salinity. 
In summary the number of sites affected by salinity increased from 55 at the 
beginning of observations 1941-44, until all 94 sites under observation were, at some 
time, affected by salinity. At the end of the 1986 period of observation, 87 sites out 
of the total of94 were affected. Of these, the number significantly affected by salinity 
had increased from 10 initially to a maximum of 61 in 1960-63, until finally reducing 
to 4 7 sites in 1986. In 1986, a significant number of sites showed some degree of 
regeneration since the previous observation with seven showing complete 
regeneration. Whilst a small majority of sites continued to degrade ( 48), an almost 
equal number ( 46) showed no apparent change, or some regeneration. 
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An examination of Wagner's (1986) site data indicates that dryland salinity may have · 
reached its maximum areal extent in the region in the 1960's. At that tiine,the area 
affected, in total, across the 92 sites examined, was approximately 600 ha. This 
declined to a total area of approximately 460 ha at the end of observations in 1986. 
Twenty-eight sites had never exceeded a maximum of 1 ha in area, with 19 of these 
being 0.5ha, or less. At the end of the period of observation (1986), 27 sites were in 
this latter catagory, i.e. 0.5 ha, or less in area. Table 3.4 summarises the results. 
· Table 3.4. Size distribution of Dryland Saline Sites, South.;.East Region NSW. 
(After Wagner, 1986). 
SIZE-ha AT MAXIMUM 
SALINITY (1960'S) 
0.0-0.5 19 
0.5-1.0 .9 
1.0-2.0 IO 
2.0-5.0 18 
5.0-10.0 22 
10.0-20.0 7 
20.0-40.0 3 
>40.0 2 
·TOTAL NO. OF SITES 90 
This aspect will be further examined within the thesis. 
The principal findings from the above study were: 
AT END OF 
OBSERVATIONS 
(1986) 
27 
8 
8 
21 
16 
7 
2 
1 
90 
1. Dryland seepage salinity occurred in the region prior to the 1940s. However, 
it increased significantly over the more than 40 year period, particularly in the 
period l 950s- l 960s. 
2. Outbreaks of salinity were largely episodic in nature, with the most marked 
period of salinity development being from the late 1950s to the early 1960s. 
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3. Initially extension of salinity on a large number of sites under observation 
was relatively rapid. A significant number had reached their maximum areal · 
extent by the early 1960s. Approximately 50 per cent of all sites showed no 
further spatial extension after the 1970-73 observations. However they often 
became more severely degraded within this established perimeter from the 
combined effects of salinity and erosion. 
. 4. The condition of some sites often waxed and waned, sometimes showing· 
marginal regeneration but then reverting to a more degraded condition. This · . 
appears mainly related to c_hanging rainfall patterns over a period of years, 
together with minor changes from winter to summer, associated with 
changing seasonal precipitation and evaporative conditions. Management 
practices also had their effect. 
5. All the 94 sites were either saline at commencement of observations or 
subsequently developed salinity during their course. In the period from 1980 · 
to 1986 no new outbreaks were observed to develop across the area under 
survey 
6. At the end of observations in 1986, approximately half of the sites were 
significantly affected by salinity, and were continuing to degrade. A further 
third (29 sites) showed varying degrees·ofregeneration, with seven of these 
fully regenerated. 
7. Treating the problem as a localised one within the property, a number of 
landholders have successfully rehabilitated saline areas, and mitigated the 
problem across the property as a whole. This would indicate that local factors 
may dominate over regional factors in salinity outbreaks. It also indicates the 
possible efficacy of rehabilitation programs applied at the local or farm level. 
8. The period from the late 1940s to the 1980s, saw significant salinity 
development. It was a period of above-average rainfall. However, rainfall 
fluctuations within this markedly wetter period, may be of more significance 
in salinity development than the rainfall over the period as a whole. 
There are broad similarities in areas affected by salinity across the region. However 
different patterns of development occur on different geomorphic (landform) surfaces. 
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Different areas, or localities, have had their own unique settlem~t history which h~ · 
impacted on salinisation. The influence of land use and management on the 
occurrence and development of saline areas has continued to the present day. 
3.4 Case Studies 
A study was conducted of the development of dryland seepage salinity within the 
South-East Region, using a number of case studies (Fig.3.4). Study sites have been 
· chiefly drawn from Wagner's (1986) study. These embrace the upper watershed 
areas of the four principal catchments within the region and generally cover the main 
outbreaks of salinity. Within the Upper Murrumbidgee catchment, as most salinity . · 
occurs in the Y ass River sub-catchment, studies are confined to this sub-catchment. 
Precise location of sites is provided in each case by grid reference to maps in the 
Australia 1: 100 000 Topographic Survey Series, Royal Australian Anny Survey 
Corps. 
The principal objective was to examine the history of dryland salinity development in 
the region, and the nature of this development. The landscape attributes associated 
with each site, and the past land use and management were examined, in conjunction 
with the climatic record. This embraced both the seepage discharge areas, the sites 
where salinity occurs, and the associated catchments or recharge area.S. For each 
. affected site the landform attributes of geology, the landform element and its slope 
features, and soils were recorded. Vegetation and vegetative changes, both in respect 
of the discharge area and the recharge area, in conjunction with the history and nature 
of salinity development, as principally shown by the sequential photographic record, 
were examined. Annual rainfall data, and rainfall fluctuations that could possibly 
have had any bearing on salinity development, were also examined. Limits to the 
extent of spread of each particular site, and any propensity for the progressive spread 
of salinity in its particular area were noted. 
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Figure 3.4 Map showing general location of case study sites within the South-
East Region, NSW 
PACIFIC 
OCEAN 
X Case study site 
- Catchment boundaries 
CATCHMENTS 
© Upper Lachlan w see Fig 3.7 
@ 
@ 
Yos River. see Fig 3.17 
Upper warragamba 
- see Fig 3.20 
© Shoalhaven - see Fig 3.22 
N 
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Figure 3.5 Dryland Salinity in the South-East Region, NSW, 1957. Aerial view 
of salt-affected land in the Yass Valley (D.V.Walters, 1957). Case study site 12 
'Dicks Creek', is enclosed within the rectangle. 
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3.4.1. Upper Lachlan River Catchment 
3.4.1.1 Bevendale-Blakney Creek area 
European settlement began in the Bevendale-Blakney Creek area in the 1830s. Much 
of the steeper range country was covered with a thick vegetation of dry sclerophyll 
forest, remnants of which remain today. The lower sloping land was covered with a 
more open woodland vegetation with grass understory. This presented ready 
opportunity for grazing, and particularly on the footslopes and floodplains and river 
terrace situations, opportunities for cropping. These areas were mostly completely 
cleared, with now only scattered trees remaining. The more thickly timbered steeper 
upper slopes forming the recharge area to these lower areas were also grazed as sheep 
runs . Much of this land was progressively cleared by ringbarking in subsequent 
years. This practice appearing to reach its peak about the early 1900s. 
With the passing of the Robertson Land Act 1861 (Selection Acts) much more land 
was taken up for settlement, mostly in the form of 40 acre blocks with a permissible 
maximum up to 320 acres. As far as possible, access to good permanent water was 
sought with initially most blocks selected having a frontage to the main streams or 
their tributaries throughout the area. A requirement under the Act was that a 
proportion of the land taken up be cropped. This often resulted in unsuitable land 
being cultivated. Not only did it prove unproductive but predisposed the land to 
degradation.A number of the areas that are now saline appear to have been cultivated 
at sometime in the past and there is direct evidence in more recent times, since 1950, 
of salinity developing on lower, flatter areas following cultivation and cropping. 
Topographically, these were the most suitable areas for cropping. Similar adjacent 
areas with a common recharge area that were not cultivated, mostly, did not develop 
salinity. This supports llie view that the land use on the discharge sites themselves 
predispose the area to dryland salinity. The denuding effects of cultivation increases 
the potential for soil evaporation, which in conjunction with capillary rise, results in 
the concentratio,n of salts to toxic levels in surface soil horizons. Set stocking at high 
levels resulting in the denudation of ground cover can have a similiar effect,and there 
is evidence that this has also exposed some sites to salinity within the area. The 
combined effects of recharge area and discharge area, past land use and management 
has led to a relatively large percentage of the area being affected by salinity. 
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Rainfall. 
Average annual rainfall over the area is 680 mm per annum. 
Soils Landform and Geology. 
Soils. Soils on which dryland salinity occurrs in the area are classified by Northcote 
and Skene (1972) as non-alkaline sodic duplex soils. They are identified locally as 
yellow solodic and solonetzic soils (Soil Conservation Service Tech. Manual,1974) 
These soils occur principally on the lower slopes and drainage lines. They have 
impermeable B horizons, are subject to prolonged seasonal wetness in winter and 
early spring, particularly in periods of above-average seasonal rainfall, when 
seepages develop at lower levels in the landscape. Salinity outbreaks are generally 
restricted to these areas. 
Landforms. Mapping of dry land salinity by the Soil Conservation Service of NSW 
(1990) across the Bevendale-Blakney area and the Yass River Valley, not only shows 
the relative occurrence of dryland salinity within the two areas, but also shows the 
different patterns of its occurrence as influenced by landform, as shown in Figs 3.6 
and 3.7. 
The landsurfaces affected by salinity in the Bevendale-Blakney Creek area generally 
occur as depositional pediment slopes of moderate grade dissected by parallel 
drainage systems extending down to the Lachlan River and its principal tributary, 
Blakney Creek. Salinity generally occurs at lower elevations in, and adjacent to, the 
main drainage lines. This differs from the Yass Valley (van Dijk and Woodyer, 
1961). 
In the Bevendale-Blakney Creek situation, there is a much more uniform pattern of 
salinity occurrence. The overall impact oflandform has been to impose limits on the 
physical spread of salinity across the landscape. 
Geology. The dominant geology underlying the area is Upper Ordovician 
metasediments. 
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Figure 3.6 Bevendale-Blakney Creek. Relative extent and geomorphic pattern 
of salinity development. (Soil Conservation Service of NSW, 1988). 
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Figure 3. 7 Yass Valley. Relative extent and geomorphic pattern of salinity 
development. (Soil Conservation Service ofNSW, 1988). 
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Salinity Development. 
Of the 12 sites examined in the Bevendale-Blakney Creek area by Wagner (1986) 
three sites showed significant development of dryland salinity at first observation 
(1944) and at least two of these appeared to be of a long-standing nature. One is_ 
known to have developed prior to 1900. The bulk of the remainder showed minor 
salinity or at least slight traces of salinity at first observation. Only two sites showed 
no salinity. One of these following cultivation and cropping in the early 1950s, 
quickly developed significant salinity. Some of the minor affected sites showed 
significant development in the late 1950s or early 1960s whilst with others, 
development was more marked between the period from 1963 to 1973. Overall, there 
.was significant salinity development between the late 1950s and 1973. After 1973, 
while a number of sites continued to degrade within their scalded perimeter, there 
was little areal spread. 
Older landholders in the Bevendale-Blakney Creek area report that in the early 1930s. 
there was growing concern about the development of scalded or bare patches in the 
landscape. At this time Mr Verse Medway of 'Kiowarrah' Bevendale sought advice 
for their rehabilitation from the NSW Department of Agriculture {T.Medway pers. 
comm. 1993). It is evident that periodic, episodic, or spasmodic outbreaks of dryland · 
salinity have been a feature of salinity development in the area over a considerable 
period. 
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Figure 3.8 Map showing location of case study sites Upper Lachlan River 
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Case Study Site No.1. 'Dunleys' Blakney Creek 
Wagner, 1986, Site 19, Map Ref.1:100000 Map 8728 Grid Ref. 877678. 
Introduction. This is the oldest known saline-affected site in the Bevendale-
Blakney Creek area, and in the region as a whole, and is locally known as 'Dunleys', 
after the original selector, James Dunley. The history of its development presents an 
interesting back-drop to salinity development in the area. 
Site Description. The site, approximately 4ha in area, occupies a small drainage 
depression and footslope, with slopes up to 3 percent. Ground cover on the site is a 
maximum of 10 percent, consisting of naturalised salt tolerant grass species. There 
are the remains of dead trees within the site. Strong salt encrustations occur on its 
surface, and it is being further degraded within its perimeter by sheet and gully 
erosion. Soils are poorly structured duplex solodic soils with a highly impervious B 
horizon. Vegetation in the catchment area is dry sclerophyll forest, but it has been 
extensively cleared, and now carries a poor cover of degraded native pasture. The site 
is generally isolated from other saline areas. Fig. 3.9 (a) shows the site in 1986, when 
it was near its maximum areal extent. Since then some groundcover regeneration has 
occurred around its margins. 
Site ffistory. Dunley apparently took up the selection about 1881. Locally it is 
thought that salinity commenced to develop on the site during his occupancy, and 
was well developed before he abandoned the selection sometime before 1900 (N. 
Dowling pers. comm. 1993). 
Field inspection of the site (1993) showed that it occupied a small drainage 
depression and footslope above a minor tributary stream of Blakney Creek. From the 
remains of an old solid post and rail fence it was possible to trace the old fence line, 
showing that most of the affected area was once enclosed separately to the rest of the 
selection. There was evidence that it was once cultivated and a lichen-covered 
mouldboard off an old horse-drawn plough was found, together with a plough share 
in one of the deeper gullies in the centre of the formerly cultivated area. Some effort 
had been made at various stages to tum the runoff water from upslope to protect the 
cultivated ground. Being securely fenced out it seems that the site would have served 
as the main cultivation and cropping land within the selection during the occupancy 
by Dunley in the 1880s. 
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From the map of the parish of Preston 1888, the catchment immediately upslope of 
this site had formed part of a proclaimed gold field which may have excluded it from 
selection. It may have been used as a sheep run, but with no private title to the land. It 
is unlikely that it would have been cleared at this time. The March 1944 aerial 
photography shows it had been cleared and carried a poor cover of native pasture. 
The 1944 aerial photography also showed an existing denuded or scalded area 
approximately 3.2 ha in area. Old plough furrow lines could be identified on the 
photos. From the 1973 aerial photography it appears as a more actively eroding 
surface affected by sheet and gully erosion and had expanded to approximately 5 ha. 
This represented the maximum limit to its expansion. Later photography from 1989 
shows that there had been some groundcover revegetation around the margins and the 
denuded area had contracted to approximately 4 ha in area, but with sheet and gully 
erosion still very active within the site itself. 
Current Situation. A site inspection, November 1995, showed no expansion of the 
affected area since the 1989 observations. The site has now been absorbed into a 
larger grazing property, where its presence is oflittle economic account, and no 
efforts have been made to rehabilitate it. This constrasts with the original situation, 
where a smaller area of salinity was of apparent serious consequence to the original 
selector within his limited holding. 
Conclusions. Cultivation for cropping initially predisposed the affected seepage 
discharge area to dryland salinity. Subsequent expansion from 1944 to 1973 
coincided with the expansion of salinity on some other sites within the Bevendale 
area. 
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Fig. 3.9 Dunley's Site - Blakney Creek 
Fig. (a) 'Dunleys'. The oldest known salineaffected site in the Bevendale-Blakney 
Creek area. 
Air photo -1986-R.Wagner 
Fig. (b) 'Dunleys'. Old mouldboard and plough share found on site. 
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Case Study Site No. 2. 'Daleys Creek' Blakney Creek 
Wagner, 1986, (Site 18). Map Ref. 1:100,000 Map 8728-Grid Ref. 853709. 
Introduction. The site is of particular interest because of the rapidity and magnitude 
of its development from the 1940s to become perhaps one of the most extensive self-
contained saline areas in the Bevendale area by the 1960s, by which time it had 
largely reached its maximum extent. The chronology, and extent of its development, 
are shown in Fig 3.10 and 3.11. 
Site Description. This site, approximately 16 ha in area, occupies a drainage 
depression and associated footslopes, with slopes up to a maximum of two percent. 
A total of approximately 20 ha is affected by salinity in its general area. Soils are 
duplex solodics, with an impervious B horizon. The site is very denuded and 
degraded by active sheet and gully erosion, with scattered patches of naturalized salt 
tolerant species forming the only groundcover. A feature of the site is that its upper 
perimeter generally follows the contour, and this appears to indicate the upper limit 
of the seepage zone associated with the outbreak of salinity. Land use on the affected ( 
discharge area has been sheep grazing on a set stocking basis, although it is thought 
that small areas may have been cultivated in earlier times (G. Medway pers. comm. 
1994). The catchment to the site is approximately 200ha. At one time it was almost "' 
completely cleared, with only a small portion of the steeper heavily-timbered upper 
range area left under timber. It generally carries a poor cover of native pasture. In 
recent years, dense tree seedling regeneration has occurred on the lower slopes 
immediately above the saline area. To date this appears to have had no influence on 
the problem. 
Site ffistory. Land immediately to the west of this site in the adjoining parish is 
shown as occupied in the 1888 Parish of Preston map. This land however, had not 
then been selected because it was within the Proclaimed Goldfield Area, although_ it 
may have been used as a sheep run (M. Dowling, pers. comm. 1994). Originally it 
may have been fairly heavily wooded, running into the more densely timbered dry 
sclerophyll forest areas ori 'the steeper upper ridges. 
Following clearing by ringbarking about the 1910-1913 period, the area was 
principally used for sheep grazing with some small areas of crop on the lower slopes. 
Scattered bare patches began to appear in the lower areas adjacent to the 
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watercourses in the early 1930s. Similar bare patches were more evident in the 
adjacent Preston's Creek catchment where it was of such concern, that one 
landholder, Verse Medway, sought professional advice, and treated affected areas by 
mulching them with sheep manure (T. Medway, pers. comm. 1993). 
Figure 3.10( a), shows that by 1944 a pattern of salinity development was emerging 
with denuded patches developing in drainage depressions at the head of the main 
watercourse and a prominent denuded patch present further downstream. At this 
stage the problem was only of a relatively minor nature. The February 1953 aerial 
photography (not available for copying) showed that there had been a significant 
extension of the salinity at the site since 1944. The salinity in the drainage 
depressions on the lower footslopes had extended and joined up to form one single 
large denuded saline area. 
Rainfall records show that the period from 1949-1952 was a period with very 
significantly above-average rainfall with a return to markedly drier conditions in 
1953•1954. One of the oldet landholders associated the increased salinity outbreaks 
in the area with this wet period (M. Dowling pers. comm.1995). 
Within the period from 1953 to 1963 significant extension occurred, salinity at the 
site reaching almost the limit of its spread by 1963. There was also significant 
salinity development in adjacent watercourses but not to the same magnitude. A 
further markedly wet period from 1959 to 1963 appears to have accentuated the 
situation. 
Figure 3.10 Photo (c) shows that salinity appeared to reach its areal limits by 1973 
with only a marginal increase in area from 1963. By this time the affected area of the 
site had extended to approximately 16 ha, but overall there was in excess of 20 ha 
affected in the general area. Active sheet and gully erosion further degraded the site 
during this period. 
The 1983 aerial photography, Figure 3.lO(d), shows an affected area similar in extent 
to 1973 but with some grotlhd cover regeneration around the margins. Although 
much of the site was totally bare there had been some regeneration of naturalised 
salt-tolerant grass species. The 1983 air photo was a winter photo (August 1983) as 
opposed to the early autumn 1973 photo (March 1973) and it is not unusual to get 
some temporary regeneration of such species under wet winter conditions. 
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A November 1989 air photo of the area shows a similar -situation to the 1973 photo 
with possibly the site a little more degraded by erosion and a similar area totally 
denuded of ground cover.The area was flown by low altitude fixed wing aircraft in 
June 1986 and the photo, Fig. 3.11, gives a better impression of the extent of 
degradation on the site. 
Ground inspection of the site in 1994 found a similar affected area to the 1989 air 
photo, and suggested that the saline-affected area has generally reached its limit of 
development in areal extent, showing only marginal changes since the 1973 photo. 
The denuded area itself is being actively degraded by sheet and gully erosion. Unless 
halted, this alone will lead to further extension of the degraded area.In the 1994 field 
inspection, dense tree seedling regeneration was seen in the catchment immediately 
above the affected site within the property. Tree cover on this area, at least since 
1944, has generally remained at about two to three trees per hectare. The history of 
tree clearing and tree regeneration in conjunction with salinity development on the 
site is significant. 
As previously noted, the total catchment or recharge area to the site is approximately 
200 ha. The lower slopes, immediately above the site and within the landholder's 
own property, and the upper slopes in the adjoining property, were cleared by 
ringbarking in the 1910-1913 period. Only a small portion of the steeper upper range 
country was left under timber. When the first saline patches appeared in the 1930s, 
the catchment was largely cleared with sheep grazing of native pasture the dominant 
land use (T.Medway pers. comm .1993). It appears that there was a lag of at least 
twenty years between the area being cleared and the salinity being noted. In this case, 
following clearing to only 2-3 trees remairiing per hectare, probably heavy set 
stocking of native pastures with sheep, together with the ravages of rabbits, could all 
have contributed to a condition prone to salinity development. 
Another aspect of the salinisation is the apparent marked episodes of salinity 
development. In the 1930s and in the 1950s and early 1960s salinity also developed 
in adjacent areas in conjunction with the salinisation on the Daleys Creek site. Not all 
of these areas were cleared at the same time, or have showed the same 'lag time' 
between clearing and salinity development. Such outbreaks were often associated 
with patterns of rainfall. Generally, land use and management practices were similar 
across most of these areas. 
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From the 1944 aerial photo quite thick timber regeneration is seen to be taking place 
immediately through the fence on the upper slopes on the adjoining property. Only 
scattered trees occur on the lower slopes above the developing saline area within the 
property. 
Air photos from 1963, 1970-73 and 1983 show that this timber regeneration 
continued on these upper slopes until by the end of this period a thick cover stand of 
dry sclerophyll forest had once again re-established over this part of the catchment. 
This tree regeneration coincided with periods when salinity development was at its 
maximum. This is in accord with the findings ofDahlhaus et al. (2000) on the 
Dundas Tablelands in Victoria. One of the chief measures urged for mitigation of 
dryland salinity is tree planting in recharge areas. In this case, natural regeneration at 
a density generally greatly in excess of that 'undertaken in most tree planting 
programs has had no apparent mitigating effect on salinisation. 
The 1989 aerial photo shows that sometime between the end of 1983 and 1989, this 
timber regeneration had once again been cleared, generally back to the old original 
line of clearing at the base of the steeper undisturbed heavily timbered upper slopes, 
again leaving only a small part of the total catchment under timber. 
Current Situation. Salinity may have reached its limits of expansion on this 
particular site by 1973. Although there has been some tree regeneration immediately 
above the affected area, most of the recharge area carries a poor cover of native 
pasture, which appears to be overgrazed. The overall land use and management 
would appear conducive to further salinity development. Severe sheet and gully 
erosion is occurring on the denuded saline area, indicative of high rates of run-off 
from the catchment. The landholder believes the property does not represent a living 
area (G. Medway pers. comm. 1994). 
Conclusions. The development of dryland salinity on this site appears to be 
associated with increased lateral soil seepage flow above impervious soil horizons, 
resulting in increased seasonal wetness at lower levels in the landscape. This may 
have been accentuated by episodes of above average rainfalls. In accordance with 
Cope's (1958) study, climate and landscape attributes have set a limit to salinity 
expansion at this site. Grazing management practices which denuded seepage 
discharge zones, may have added to salinity development. 
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Figure 3.10 "Daleys Creek" Saline Site - Bevendale. 
Fig. (a) April 1944 
Pattern of salinity development 
emerging. Still only a minor problem 
Fig. (c) March 1973 
Salinity reached apparent limits of 
spread. Site being further degraded 
by active sheet and gully erosion. 
Fig. (b) February 1963 
Very extensive salinity development 
particularly since 1953, to almost total 
limits of spread. 
Fig. (d) August 1983 
Affected area similar in extent to 1973, 
but some groundcover regeneration 
around margins. 
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Figure 3.11 Aerial view ofDaleys Creek, Bevendale, June 1986 (R Wagner) 
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Case Study Site No. 3. 'Denbeigh Grove' Bevendale. 
Wagner 1986 (Site 13) Map Re£1:100000 Map 8728-Grid Re£ 912789. 
Introduction. This site has a long and varied history of European land use. The first 
portions of this property were occupied in May 1840. Further lands were acquired 
until the mid-1850s, and it became a substantial holding supporting a small 
community with outright title to 300 acres offa.nd and a considerably larger area held 
as sheep runs. Wool production was the main enterprise (3000 sheep), but there was 
a dairy herd and other cattle and a team of 60 working bullocks were also run. 
Cropping, mainly wheat, was also a major enterprise and a vineyard of 3 acres and 
an associated winery was also established. It is reported that the land was not heavily 
timbered when originally occupied, the vegetation being scattered trees with grass 
l.Jllderstorey (M. Dowling pers. comm. 1993). Further clearing was, however, 
undertaken. With frontages to the Lachlan River and with Prestons Creek passing 
through it, there were significant areas of river flats and low footslopes together with 
other upper areas of lesser slope readily suitable for cultivation. In more recent 
periods, the property has been used almost exclusively for grazing sheep. The first 
known observati,ons of dryland salinity were not made until the 1930s (see below). 
Site Description. The property generally occupies the lower pediment slopes running 
down to the Lachlan Rivet, and its tributary, Prestons Creek. In total there is 
currently 12-14 ha of dryland salinity on the property. The main site examined is 
approximately 3 ha, and occurs in a more elevated lower slope position immediately 
below a main road, with land slopes of approx. 5 percent. Dead trees occur on the 
site, and groundcover, consisting of naturalized salt tolerant grass species, is less than 
10 percent. It is being further badly degraded by severe sheet and gully erosion. The 
remainder of the sites principally occur on low footslopes and drainage depressions 
adjacent to Prestons Creek. Efforts have been made to try and reclaim a large scalded 
cultivation area immediately adjacent to Prestons Creek by topdressing with silt 
dredged from the adjacent Lachlan River. Soils in the area are principally duplex 
solodic soils occurring over Ordovician meta-sediments geology. The catchment, or 
recharge area, to the sites has been almost completely cleared, and generally carries a 
poor cover of degraded native pasture. Apparently, it once carried woodland 
vegetation with grass u11derstory (M. Dowling pers. comm.1993), but from remnants 
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in the area it appears that once there could have been some areas of more dense dry 
sclerophyll forest. 
Site History. The 1944 aerial photography, Fig. 3.12(a) although showing a denuded 
landscape with some sheet and gully erosion, showed orily one significant area of 
dryland salinity, occurring in the more elevated position adjacent to the Narrawa 
Road (Map ref. 912789 1:100,000 sheet 8728). Salinity on this site may have 
developed in the 1930s. As far as it is known, it was never cultivated for cropping (R. 
Dowling, pers. comm. March, 1996). The lower footslopes and river flats adjacent to 
Prestons Creek, which have a long history of cultivation and relatively intensive 
agricultural use, showed no salinity. 
Aerial photos in 1953 and 1963 showed a significant extension of the existing 
elevated salinised site with acceleration of sheet and gully erosion within its 
perimeter. The 1973 aerial photography, Figure 3.12(b), shows the development of 
salinity at the site since 1944. Most of this spread had taken place by 1963. The main 
degradation between then and 1973 was by sheet and gully erosion of the denuded 
area. Extensive salinity developed between 1944 and 1973, north-east of the above 
site, on the former cultivated area immediately adjacent to Prestons Creek, and there 
were other scattered small outbreaks. This land had been cleared, and cultivated at 
various times, for over one hundred years without any salinity development. The 
associated recharge area would have been cleared and extensively grazed for a 
similar period. This salinity development generally coincided with that on a number 
of other sites in the area. 
In the period from 1973-1983, most sites showed no areal extension and actually 
some improvement in ground cover around the margins of the less highly salt-
affected sites. However, the site immediately adjacent to Prestons Creek still 
remained very denuded. 
Aerial photography of 18 December 1989, Fig. 3.12c, shows a similar situation to 
1973 but with some reduction in the size of the large denuded area immediately 
adjacent to Prestons Creek,. The landholder explained that he had carted soil from silt 
deposits in the adjacent Lachlan River and spread it over this area in an attempt to 
rehabilitate it. 
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Current Situation. There has been no extension of dryland salinity on the property 
in recent years. The main more elevated site studied is severely affected by active 
sheet and gully erosion. 
Conclusion. In spite of the long and varied history of European land use on the 
property, salinity development on it generally coincided with outbreaks on other 
adjacent properties within the area. This followed ·a..tended periods of above-average 
rainfalls. In view of its land use history, it is difficult to understand why some 
dryland salinity outbreaks did not occur in earlier periods. The outbreaks are 
scattered, with no sign of any progressive spread. 
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Figure 3.12 'Denbeigh Grove' Bevendale 
Fig. (a) April 1944. 
Only one significant 
saline area, adjacent 
to road to north-west 
. lNarrawa ,Road). . . 
lfnd.e:rsto8d to ha'l(e· 
developed in 'the 1930's. 
Fig •. (b) March 1973. 
$:lgnificant extension of 
>the above site with 
:'s,(!v'ere .·sheet· and gully 
.erosion developing; plus 
· extensive salinity 
· • tjc'e'!'J'.elop11ent on. foriner· 
./~.tlltivated area adjacent 
·to ·Prestons Creek. 
Fig. ( c). ·December 1989. 
·salinity of similar 
ex:tent to .1.973. 
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Case study sites No. 4, and No. 5. - Bevendale. (Sites ll(a) & ll(b)-After 
Wagner,1986). 
Map 8728- Grid. Ref.878755 & 883754 
Introduction. These two immediately adjacent dryland salinity sites, on the same 
general landsurface at Bevendale, show the effects of different land use and 
management on salinity development. The sites owned by different landholders, with 
only a fence between them, are shown in Fig. 3.13. Fig. 3.14 (a) and 14 (b) also 
depict this general area. 
Site Description. The two sites are on adjoining watercourses with salinity on both 
sites occurring in the drainage depressions and on footslopes, with a maximum of 
two percent slope. Soils are a yellow solodic duplex (Northcote & Skene,1972), 
occurring over Ordovician meta-sediment geology. The landsurface encompassing 
the two sites was almost completely cleared early in the settlement history of the 
area, and no timber regeneration has taken place in the immediate sub-catchment of 
either site in the period of observation from 1944 to 1989. Sheep grazing has been 
the main form of land use over both areas since early settlement in the 1850s. 
Site History. The 1944 aerial photography shows no signs of salinity on Site 4, and a 
generally good even groundcover of native pasture in its immediate catchment. By 
contrast, Site 5 showed marked salinisation down the main watercourse, and the 
native groundcover in the immediate catchment was considerably degraded with 
denuded patches and active soil erosion. 
Aerial photography for 1963 showed that traces of salinity had begun to develop 
down the main watercourse on Site 4. There had also been some further extension of 
the salinity down the main watercourse on Site 5. 
From the 1973 aerial photography, a signifcant change had occurred on the two sites 
since 1963. There had been significant salinity development down the main 
watercourse on Site 4. In contrast Site 5 showed regeneration of the former saline 
areas, together with a marked improvement in ground cover in the associated 
catchment. Pasture improvement and an improved grazing management program had 
been undertaken since the previous observations in 1963 (R.M. Medway pers. comm. 
1993). 
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Aerial photography for 1989 showed that Site 4 continued to degrade with salinity 
extending up the main watercourse and lower footslopes. Site 5 showed sustained 
regeneration with little traces of the former salinity observable. 
Current Situation. Site 5, the site more degraded by salinity in 1963 has shown 
sustained regeneration in response to pasture improvement and improved grazing 
management. Site 4, remaining under native pasture and subjected to injudicious 
grazing management (set stocking) in recent decades, has continued to degrade, 
Figure 3.13. A significant factor has been that the owner of the latter degrading site 
is an aged landholder, incapable of better property management. The property on 
which the improved site is situated, in recent decades has been managed by a younger 
landholder, committed to developing a more productive and sustainable grazing 
management system. It.is of interest that no tree planting has been included in his 
program, and no tree regeneration has taken place on the property, or in the 
catchment of either site.· It appears that the rehabiltation is purely attributal to his 
pasture improvement and stock management program. 
Conclusion. These paired sites show the effect of grazing and pasture management 
practices at the local level both on the development and rehabilitation of saline 
affected areas. It also indicates, that there may be social and economic impediments 
to developing effective programs in some situations. In this particular case, the age of 
the landholder on the still degrading property, is an important factor. The 1944 
photography appears to indicate that he once may have been a competent manager. 
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Fig. 3.13 Bevendale. Effects of property ownership and management on salinity development and rehabilitation - See text. 
Also indicative of the control on salinity development excercised by localised landscape and management 
factors . 
Figure 3.14 Bevendale. Aerial views showing the influence of land use and grazing 
management on salinity development and rehabilitation, June, 1986. (R. Wagner). 
Figure (a) Bevendale: Influence ofland use and grazing management on salinity 
development and rehabilitation. Note: Condition of improved property to right of fence 
Figure (b) Bevendale: Influence of land use and grazing management on salinity 
development and rehabilitation. Note: Condition of the improved property in the 
foreground. Such response indicates the influence oflocal factors. 
105 
3.4.1.2 Upper Lachlan River Catchment: Rugby-Rye Park Area. 
The temporal pattern of salinity development in the Rugby-Rye Park area was similar 
to that in the adjacent Bevendale area. Some sites that showed no salinity in 1950-53 
developed into extensive saline areas by 1962. A comparison of aerial photography 
of the district in 1973 and 1989, in panoramic view, Figure 3.15, shows little change 
in dryland salinity between the two periods. Most of the most severely affected sites 
were well entrenched by 1973. While there were some further scattered minor 
outbreaks, other sites showed some regeneration. There was no sign of any 
progressive spread across the area. In comparing the above photos, some allowance 
should be made for the fact that one is an early autumn photo [1973], and the other is 
a late spring photo [1989]. 
At a meeting of the Rye Park Landcare Group in 1996, the majority view was that 
salinity in the area had improved over the previous five years. 
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Figure 3.15 Salinity development Rugby-Rye Park area 1973-1989 
occutrence 
Compare with 
with dryland 
Figure (b) Air photo 28.11.89. Panoramic view showing occurrence 
of .dryland salinity in Rugby-Rye Park area in 1989. Mttle change 
since 1973 photo. No indication of a progressive spread of salinity 
ov~r perioq 1973-19.89. 
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Case Study Site No. 6. Gorham 'Beltana' Rubgy 
Wagner 1986, Site 36, Map Ref. 8629, Grid Ref. 808853. 
Introduction. Occurring at the junction of several district roads, this site, Figure 16 
(a-f), has degraded from being the landholder's ' best crop paddock', to being a land-
mark site in salinity development in the area, since the 1950s. The area has a long 
history of European settlement, extending back to the 1840s (R. Veness pers. comm. 
2000). 
Site Description. Average annual rainfall is 645 mm. The site was 6-7 ha at its 
maximum, and was badly degraded by sheet and gully erosion. It occurs on 
footslopes and lower slopes with slopes up to 5 percent. Soils are a duplex solodic 
with a deep impervious B horizon, occurring over Ordovician meta-sediment 
geology. The recharge area is 22 ha. Originally the vegetation was a dry sclerophyll 
forest. This has been completely cleared, and the area now carries a ground cover of 
native pasture and volunteer naturalised species. 
Site History. The site was cultivated after the drought in the 1940s with several 
wheat crops and potatoes being grown. The March 1944 aerial photograph shows a 
very stable cultivation paddock with no signs of scouring or salinity. The 1950 air 
photo shows no obvious salinity but some thinning of ground cover, and small 
outbreaks of salinity developing on an adjacent property. Aerial photography for. 
1953 shows a similar situation but with minor extension of the small saline areas on 
the adjacent property. By 1962 the lower footslope had developed into a totally 
denuded saline area, 6-7 ha in extent. Subsequent photographs show little areal 
extension but the site degraded rapidly within its affected perimeter being severely 
affected by sheet and gully erosion. 
During 1981-82 a new roadway was constructed across the lower section of the site, 
(Fig. 3.16 (f)). Road construction involved deep excavation and compaction to give 
an impervious foundation. This work effectively cut off seepage from upslope to the 
saline-affected section below the road. The result was that it commenced to 
regenerate, as seen in 1989 air photo. This indicates the part that localised lateral soil 
water flow above the impervious B horizon may play in salinity development; at least 
in this area. 
The area above the road continued to degrade and in 1990 the Soil Conservation 
Service of NSW undertook a rehabilitation program on the site, costing 
108 
approximately $20,000 and involving the installation of structural works (contour 
banks etc.) tree planting and the sowing of salt-tolerant grass species. Following this 
there was some regeneration with the sown salt-tolerant grasses and trees establishing 
well. More recently (1995) salt concentrations are again building up on the soil 
surface with salt encrustation evident and there are signs of renewed denudation. 
Conclusions. The clearing of the original dry sclerophyll forest, and the later 
denudation of the surface ground cover on the affected discharge area by cultivation 
for cropping appears to have predisposed this area to salinity development. 
Observations indicate the role localised lateral seasonal soil water flow appears to 
have in salinity development. Rainfall patterns, may have also affected this situation. 
While salinity development on the site was for a period relatively rapid, once it 
reached a certain size, there was little further spread . 
. The experience on this site shows how difficult and expensive it may be to 
rehabilitate a severely salt-affected area. It also indicates how little may be achieved 
by treating an affected saline area in isolation without improved management of the 
associated local recharge area. 
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Figure 3.16. Gorhams 'Beltana' Rugby saline area 
Figure (a) 1~44- ,. 
best crop t>iiddock 
... · · .. ·.. ·.·.·· . 
Figure (c) 1962 · · Deve1opllient of 
extensive saline area since 1953 
· .. 
Figure (e) 1982 New rqadW:aY being 
construc;ted through .saline site 
Figure 1950 Thinning of ground 
cover but no obvious salinity 
Fi_.gut~ (ti) 1913 Saline area of 
sim'ilar extent to ·1962 but more 
degraded 
l"igute ( f) 1989 Regneration below 
new road following cut off of 
seepage from upslope 
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Case Study Site No. 7. R. Collins 'Tiwarie' Rugby 
Wagner 1986, Site 40, Map Sheet 8729, Grid Ref. 848893. 
Introduction. This is a large grazing property with more widespread salinity than 
any other property within the Rugby-Rye Park area. The land in the north-east sector 
of Figure 3 .15 forms part of it. An area in excess of 20 ha is totally denuded by 
salinity. A much larger area, possibly in excess of 1 OOha, is degraded by sheet and 
gully erosion. Much of the affected area drains directly to Grassy Creek, a tributary of 
the upper Lachlan River. The land was first occupied in the 1840's. 
Site Description. Average annual rainfall is 645 mm. Salinity generally occurs on the 
lower footslopes with an average grade of 3-4 per cent, and in the drainage 
depressions and watercourses many of which are now affected by major gully 
erosion. The soils are duplex solodic soils with an impervious B horizon. From 
existing remnants, it appears that the original vegetation was dry sclerophyll 
forest. This apparently was cleared early in the history of settlement of the area, and 
since then the property has been continually grazed with sheep. 
Site ffistory. Slight signs of salinity were evident in the 1944 aerial photography. 
The 1950 photography shows a minor extension of the salinity. Between then and 
1962 there was extensive development of salinity with up to 20 ha becoming 
denuded and a much wider area generally degraded by sheet and gully erosion. 
Subsequent aerial photography showed little areal extension of the denuded area 
between 1962 and 1973 but the sheet and gully erosion had become much more 
entrenched. The 1982 photography showed a similar denuded area to 1973. 
Comparison of the 1989 aerial photography with the 1973 photography (Fig. 3 .15) 
shows little major change in the total area affected by salinity between the two 
periods. One part of the property, an area subjected to heavy grazing, has developed a 
significant saline outbreak in recent years. In contrast, a site on another part has 
regenerated. 
The landholder considered that a major bushfire in 1979, followed by several years of 
drought, and the inability to control grazing because of the destruction of fences by 
the bushfire, together with lack of money to spend on pasture improvement and 
fertilisers had compounded the land degradation problems on the property (R Collins, 
pers. comm. 1993). However, the aerial photography shows that much of the salinity 
development preceded 1979. 
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Current situation. While the property has continued to degrade by erosion in recent 
times, there has been little change in the area actually affected by dryland salinity. 
The property is of a size that should be a viable holding. In many respects, because 
of generally poor grazing management, in its present condition it now represents the 
description, as being 'overgrazed but understocked' (Savory, 1987). 
Conclusions. Rapid expansion of salinity occurred between 1950 and 1962. No 
significant extension has occurred since then. The recharge areas contributing to the 
saline problems appear to be localised and largely contained within the property. 
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Case Study Site No. 8. 'Begalia' Yass 
Wagner 1986, Site 91, Map Ref. Map 8628 1:100,000, Grid Ref. 797613. 
Introduction. The 'Begalia' dryland salinity site is located south of Rye Park 
towards Y ass but still in the upper Lachlan River catchment, draining into Spring 
Creek, an upper tributary. This site, together with the Dicks Creek site in the Y ass 
Valley, has been the subject of more research than any other sites in the south-east 
region. 
Site Description. Average annual rainfall for the area is 640 mm. Dryland salinity 
occurrs on footslopes and drainage plains with slopes up to 2 percent. An area of 
approximately 20ha was affected when salinity was at its maximum. Soils are yellow 
solodic and yellow solonetzic, with an abrupt boundary between the A horizon and a 
deep impervious B horizon. They principally occur over Silurian sediments. This area 
was settled in the 1840s, and it is not known whether the original vegetation was a 
dry sclerophyll forest or a woodland, probably the former. Clearing by ringbarking 
was completed by about 1908. It is not known whether this was actually the clearing 
of a regrowth following an initial clearing in an earlier period or not. From remains 
of dead timber on the site it is evident that the saline area itself once carried a good 
cover of trees. The recharge area to the site is now mostly cleared with only scattered 
trees remaining, and generally has a ground cover of degraded native pasture. Slopes 
are up to 6-7 percent. 
Site History. Aerial photos show that there were only faint traces of salinity in 1944. 
By 1953 severe salinify had developed. From 1953 significant expansion continued 
until 1963 when the affected area reached its maximum extent with approximately 20 
ha denuded by salinity. Of this, approximately 4 ha was on footslopes within the 
'Begalia' property itself. The balance was a contiguous area to the north on the flatter 
drainage plain area outside the property boundary. 
Conventional soil conservation works, mainly contour banking and ripping, were 
undertaken in October 1962 in an endeavour to rehabilitate an area of 4 ha within the 
'Begalia' property. This arrested the spread of gully erosion to some extent but 
generally the area remained denuded, except for a few isolated clumps of salt tolerant 
grass and herb species. By contrast, the area to the north where stock had been totally 
excluded for 5-6 years previously, showed a marked regeneration of ground cover by 
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1973 with colonisation by a sward of naturally occurring salt-tolerant species, Couch 
grass ( Cynodon dactylon) and Hordeum hystrix predominating but with other grass 
species such as Polypogon monspeliensis, Agrostis avenacea, and the herb species 
Plantago coronopus and Spergularia robra (Sand Spurry) also present. This flatter 
area had lost less of its topsoil than the footslope area within the property, and 
appeared better able to retain rainfall. There has been much research interest in the 
affected area within the Begalia property itself, and its associated recharge area, but 
there appears to be little awareness that the much larger area immediately outside the 
property was once affected, but has since regenerated. Up to the present, the treated 
area has shown little response to various treatments,and now is being largely used as 
CSIRO salt tolerant tree species experiment site. 
Conclusions. Observations from the site show: 
1. The site has a similar development history to many others in the region 
reaching its maximum extent by 1963. The significant episodes of salinity 
expansion on the site, prior to 1953 and 1963, coincide with the periods of 
increased rainfall. 
2. It is frequently assumed that the presence of naturally occurring salt-tolerant 
species indicates that an area is becoming increasingly saline (Brett, 1993, 
Nicoll & Scown, 1993). By contrast in this area, the presence of such species 
indicates the reverse, that a formerly denuded area is regenerating. 
3. Where stock is excluded for a sufficient length of time, the revegetation by 
naturalised salt-tolerant species may bring about some rehabilitation of an 
affected site. However, this is not frequently the case as there are sites in the 
region where stock have been excluded for many years but they have shown 
little regeneration. Generally these species lack vigour, bulk and density under 
the degraded conditions, and are slow to colonise affected areas by natural 
spread. Seldom does natural regeneration occur to the extent it has on this 
site. Additional measures are generally needed for the rehabilitation of such 
areas. 
4. The poor response to treatments on the most degraded 4 ha area within the 
'Begalia' property itself indicates the difficulty of rehabilitating some affected 
areas once they become severely degraded. 
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Even though at one stage there was extensive salinity at this site, this was restricted 
to certain landscape elements, and showed no indications of further progressive 
expansion. 
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3.4.1.3. Upper Lachlan Catchment - Boorowa River Sub-Catchment 
Following the publication of a report on dryland salinity (Powell 1992) and the 
establishment of a Landcare Group in the Boorowa River Sub-catchment much 
· attention has been focused on dryland salinity in the area in recent years. Dryland 
salinity problems in the area had been observed by the Soil Conservation Service . 
(SCS) ofNSW since the 1960's. The salinity was not seen to be of serious 
magnitude. Soil erosion, often associated with highly dispersible solodic soils in 
certain areas, was of much greater scale and urgency. 
Dryland salinity revegetation trials were carried out by the SCS in the late 1960s 
using the full range of salt tolerant species then available, (unpublished reports, 
Cowra Soil Conservation Research Centre, 1969). The species used in the 
revegetation trials at that time are identical to the species being tested in the most 
recent trials in the area over the last 2-3 years. Results from these early trials were 
published (Lang, 1976). 
Programs for the treatment of the known isolated occurrences of salinity were 
implemented on landholders properties. The treatments applied are generally the 
same as those recommended today, with increasing use being made of salt tolerant · 
species as they became available from revegetation trials. In this early period there 
was less awareness of dryland salinity and its relationship to soil conservation 
problems. However, the Soil Conservation Technical Manual - Y ass ( Soil 
Conservation Service ofNSW, 1974) associated tunnel erosion and saline areas on 
footslopes as being mainly caused by the removal of trees which had altered 
groundwater hydrology. Saline areas, often severely affected by sheet and gully 
erosion, were identified. However because of the scale of mapping in surveys, these 
were considered mostly too small to show as a separate class and were included in 
the broader classes of either sheet and gully erosion. 
Dry land salinity mapping in 1986-87 by the SCS of NSW using 1980 aerial 
photography and 1: 100,000 map sheets, showed significant outbreaks of salinity in 
the northern section of the Boorowa map sheet but little salinity around Boorowa 
itself, particularly in the area later mapped by Powell (1992) as having significant 
salinity problems. Powell records that Landcare Groups had reported a rapid spread 
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of dryland salinity following a series of wet years in the late 1980s, subsequent to the 
SCS survey. 
Scott (1991) proposed that if current water level rises continue in the Silurian 
Volcanics geological province, the low lying areas along the Boorowa River are most 
at risk of salinity expansion over the next 30 years. This includes an area of a radius 
of 10-15 km surrounding Boorowa, and extending to the north and south along the 
course of the Boorowa River. The conclusion drawn in Scott's study that 'once 
dryland salinisation occurs on one property in an area, it will soon expand to become 
evident on neighbouring properties' has little field evidence to support it. 
A report most specifically dealing with dryland salinity in the Upper Boorowa River 
Sub-Catchment was that prepared by J. Powell, Project Officer for the Boorowa and 
Rye Park Landcare Groups under a 'SALT Action' Project in December 1992. 
Mapping from 1:20,000 air photos Powell concluded that of the total area of76014 
ha surveyed that: 
865 ha were affected by salinity in a minor way 
189 ha were moderately affected, and 
60 ha were severely affected. 
This amounted to approxim~tely 1.5 per cent of the total area surveyed. The salinity 
status of each site was classified as minor, moderate or severe according to salt 
tolerant vegetation and soil erosion indicators. 
The reliability of the presence of salt-tolerant spp. as always being indicators of 
developing salinity is questionable Some of these species, e.g. Couch Grass 
( Cynodon dactylon) would be present on most properties in the district to a limited 
extent at some time or another. This could explain why of the 109 properties 
surveyed, Powell, using Couch Grass as an indicator species, found that 101 of them 
had salinity to some degree. If such areas were excluded from his estimate of the total 
area shown as affected by salinity, the percentage of area affected would be very 
small indeed; approximately 0.3 per cent. 
From his survey Powell estimated that approximately 3000 ha of the total 166,000 ha 
of the Boorowa River catchment was affected by dryland salinity, and this was 
increasing at about 30 per cent per year. 
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There has been an awareness of isolated salinity outbreaks in the Boorowa area for 
many years. The development of most of these outbreaks appears to have been 
sporadic, as seen in air phot-0s, and often can be related back to the prior land use on 
the affected discharge site itself. Examination of the aerial photography of the area 
around Boorowa from 1963 to 1989 generally shows little change in the incidence of 
dryland salinity and in some situations there appears to have been some regeneration 
over the period. 
Powell concluded that the area most at risk from salinity was the land within 15 km 
of Boorowa township. He proposed that control of salinity in the Boorowa River 
Catchment could be achieved with sub-catchment based pasture establishment and 
tree planting programs, estimated to cost $50 million, or on average, about $250,000 
per farm. He saw that the local community would never be able to afford the full 
costs of such a program or a coordinator to organise its implementation. In the short 
term even 'dollar-for-dollar' grants would be of limited use. 
Based on the assumption that the proposed programs of tree planting and perennial 
pastures would reduce the spread of salinity, a subsequent economic evaluation was 
made by Hill (1996) in terms of cost/benefit analysis over a 50-year period using 
different scenarios. It was concluded that the proposals appeared economically viable 
from a catchment perspective, as against a significant cost to the catchment if 
nothing is done to combat salinity. 
Many of the sites mapped as areas of major salinity occurrence and expansion by 
Powell, on examination, are minor. They have not expanded, or have regenerated. 
One of the sites, closely observed over a relatively long period of time, is examined 
below as a case study site for the area. 
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Case Study Site No. 9. "Hillrose" Boorowa. 
Wagner 1986, Site 46. Map Ref. Map 8629 1.100,000, Grid Ref. 663900 
Introduction. This site is situated on the property of R. & R. Clark 'Hillrose' 
Boorowa, approximately 8 km ENE of Boorowa township. Powell showed 20-40 ha 
of salinity in this area. Wagner's (1986) study and recent inspections of this area 
(Figure 3.17), reveal only 1-2 ha of scalding evident. Regeneration had occurred on 
this particular site. 
Site Description. Average annual rainfall for the area is 614 mm. Initially dryland 
salinity occurred in major drainage depresssions with slopes of approximately 2 
percent, in conjunction with active major gully erosion. At its maximum, 
approximately 5 ha was affected by salinity. Soils in the area have been identified as 
duplex, red solodic soils with a strongly bleached A2 horizon occurring over a deep 
impervious B horizon, and very prone to erosion (Soil Conservation Service ofNSW, 
1974). The underlying geology is Silurian volcanics and sedimentary sequences. The 
vegetation in the catchment was thought to be dry sclerophyll forest on the upland 
ridges, and a more open woodland at lower levels. This has now been completely 
cleared, and the catchment has areas of cropping, and native and improved pastures. 
Site History. Land in the catchment of the affected area is believed to have been 
taken up in the 1840s with' some clearing for cropping commencing soon afterwards. 
Ringbarking of the remaining timber in the catchment was thought to have been 
completed by about 1900 (Ron Clark, pers. comm. 1995). It is also thought that 
salinity may have first developed in the 1918-1920 period. Mr Ron Clark, who later 
acquired the property in 1966, stated that salinity was present when he first inspected 
the area in 1954. 
Aerial photography for December 1950, Fig. 3.l 7(a), showed significant salinity 
development at the site with an area in excess of 5 ha being totally denuded and other 
patches in the catchment outside the property appearing in a scalded condition. The 
catchment had been totally cleared and parts of the land of lesser slope outside the 
property had been recently cropped. The December 1962 photography showed some 
marginal regeneration around the affected site since 1950, but by 1968 the affected 
area had extended beyond its earlier limits. Photography for March 1973 showed a 
degraded denuded area of similar extent to 1950. Subsequent photography for 
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September 1982 shows a remarkable improvement since 1973. The degraded site had 
completely regenerated and the only evidence of salinity in the area was a minor 
scald on the adjoining property to the north. 
Site Regeneration. The Soil Conservation Service ofNSW undertook salt-tolerant 
species trials on the property from 1966 to 1968. Soil salinity measurements in 
conjunction with these trials showed very high salt concentrations of up to l 9dS/m in 
surface horizons ( 0 to 1 OOmm) on scalded areas (Soil Conservation Service ofNSW, 
Unpublished Reports 1969). Following completion of these trials the landholder 
commenced a pasture improvement program over the part of the catchment within his 
property, embracing the degraded area itself. Pasture mixtures based on recommended 
perennial species plus strawbeny clover were used in conjunction with lime-based 
fertilisers and regular dressings of superphosphate. Whilst gypsum and dolomite were 
used initially, applications of 'Magphos' and 'Calphos' and rock phosphate have been 
used in recent years. In conjunction with this program a limited amount of soil 
conservation earthworks were undertaken to protect the degraded area from run-on. 
Improved grazing management systems were also introduced. Seed was hand harvested 
from the most promising salt tolerant species in the old Soil Conservation Service trial 
area, and sown over existing saline areas. It is significant that prior to the regeneration of 
the scalded areas by 1982, no tree planting had been undertaken, and no tree regeneration 
had occurred in the associated recharge area. In effect the success achieved appears 
largely attributable to the combination of the above measures. 
In recent years the landholder has extended his sowings of deep-rooted perennial 
pasture species and the sowing of salt-tolerant species on areas considered prone to 
salinity. In 1990, broad acre direct seeding of tree species was also commenced, with 
an initial sowing of 8 ha of mixed species within the catchment. As far as financially · 
possible, fertilising and liming programs are being maintained. 
Recent inspections (1995-1996) showed that, although some small surface 
concentrations of salt were still visible on parts of the formerly salt-affected 
area, it had been revegetated largely by the salt-tolerant grass species sown in 
the 1968 SCS trials. A surprising feature was that one species, Paspalum 
vaginatum (Seaside Paspalum) which had only performed poorly in the initial 
trials, was now the most widespread salt-tolerant species, providing protective 
ground cover, is seeding freely and continuing to spread. 
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R & R Clark. "Hillrose". Boorowa 
Fig. (a) December 1950 
Extensive saline site, in excess of 5 ha. 
and property in a generally degraded 
condition. Catchment completely cleared. 
Fig. (b) December 1962 
Extensive salinity but some regeneration of 
groundcover around margins. 
Fig. (c) March 1973 
Saline area of similar extent to 1950. 
Reclamation programs in progress and 
improved pasture management practices 
introduced 
Fig. (d) September 1982 
Remarkable improvement since 1973 with 
apparent complete regeneration of main 
saline site. Tree planting program in 
catchment not yet commenced. 
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Using the research and extension services then available, the above results have been 
achieved by a committed landholder entirely using his own resources In his view, in 
the interest of developing a viable property, he had no alternative but to make such a 
commitment out of the limited resources initially available to him. While what has 
been achieved by the above landholder may be a unique example in his local area, 
other individual landholders in other parts of the State, and in this region, have had 
similar success in overcoming dryland salinity problems (Nicholson and Seis, 1993). 
The landholder believes that salinity is a localised problem, related to local recharge 
(Roger Clark, pers. comm. June 1998). 
Conclusions. Salinity developed on this property prior to aerial photography, 
possibly in 1918-1920. It was principally confined to the lower levels of a drainage 
depression. The site has a long history of European farming. Salinity had expanded 
by 1968, but considerable regeneration occurred subsequently. The sowing of salt 
tolerant species on saline discharge areas, and improved perennial pasture mixtures in 
the associated recharge area within the property, in conjunction with the adoption of 
improved grazing management practices, brought about the rehabilitation of saline 
areas at this site. The landholder considered that his fertilizer program, with the use 
oflime-based fertilizers and soil amendments, was also important to achieving 
rehabilitation. As shown by Figure 3.17 (a-d ), there has been no significant change 
in tree cover over the period. 
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Further Developments -The Boorowa River Sub-Catchment. 
The above case studies throw considerable doubt on the conclusions reached by 
Powell (1992) on the actual extent of dryland seepage salinity in the Boorowa River 
Catchment, and in its potential for spread. 
Also the conclusions reached by Scott (1991) on the potential for dry land salinity to 
spread, based on groundwater level trends, are questionable, and there are doubts 
about the predictive value of such a rapid appraisal technique, particularly at a local 
catchment scale (Hook, 1992). 
In terms of climatic and landscape attributes, much of the area is a very favourable 
agricultural environment suitable for cropping and the sowing of improved pastures 
for sheep and cattle grazing. Steeper areas, often under native pastures, provide good 
grazing under sound management. Only approximately 3.5 per cent of the area 
remains under timber. Since early settlement there has been widespread clearing, 
whilst in more recent times· 'dieback' associated with insect attack has killed many 
of the scattered remaining trees close to Boorowa itself (Forestry Commission, NSW. 
personal discussions, 1986). 
Soil moisture studies of the district (SCS Technical Manual, Yass, August 1974) 
shows that the first quarter of the year (i.e. January-February-March) soil moisture is 
inadequate for plant growth and little recharge is expected. While sowing of summer 
pasture species is not recommended, deep-rooted hardy perennial cool season 
species, often with suspended habits of summer growth, can persist through this 
period. Native species are able to survive through such periods, provided they are 
soundly managed. Soil moisture is generally adequate for plant growth for the rest of 
the year up until the November~December period with optimum soil moisture, and 
often recharge excess being reached in the third quarter (July-August-September). 
This soil moisture reginie makes the area suitable for cool season cropping and there 
has been an increase in sowings in recent years, with some very high yields being 
achieved (wheat crops in excess of7 tonnes to the hectare). Such high yielding crops 
use significantly more soil moisture and reduce the loss to deep drainage, and the risk 
of rising watertables, lateral flow and dryland salinity. A review of soil water-use and 
wheat yields at several locations in southern NSW showed significantly more water 
extracted by crops managed with increased nitrogen supply or growing after a break 
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crop, together with increased yields, and reduced water losses to deep drainage 
(Angus et al. 2001) 
In an effort to increase crop yields farmers also endeavour to conserve any soil 
moisture recharge from summer rains by spraying weeds on fallows, stubble 
retention, and other moisture conserving practices. Such practices are now being 
widely adopted in cropping areas; This is in contradiction to some of the current 
dryland salinity work where efforts are being directed towards reducing any carry-
over of summer soil moisture as a means of reducing subsequent losses to deep 
drainage. 
In addition to increased cropping in the Boorowa district in recent years, there has 
also been some interest in improved grazing management systems with recent 
initiatives being taken to introduce 'PROGRAZE' management systems. Increased 
sowings of deep rooted perennial pastures have also been undertaken, particularly in 
conjunction with Land Care programs. Interest is also being shown in the use oflow-
input perennial native grasses in the area. There has been a growing awareness of the 
value of trees and a growiri.g expertise amongst farmers in their propagation. The 
basis for more sustainable systems conducive to the alleviation of salinity problems 
appears to be developing. 
Given the economic and environmental constraints on farming systems, there is the 
need to combine the above elements into effective programs from the farm level to 
the catchment or regional level. To do this there is the need for continuing technical 
assistance and guidance, together with further promotion and assistance at 
government level to aid the,process. Even so, at present, Landcare groups in the sub-
catchment adopting a 'best bet' approach, are developing effective programs for 
salinity mitigation on a small scale. Much of this is being achieved at a budget figure 
well below that projected by Powell (1992). 
3.4.1.4. Upper Lachlan River Catchment - Crookwell River Sub-Catchment. 
The upper reaches of this sub-catchment represent the more elevated inland areas of 
higher rainfall, where ctryland salinity has been observed in the region. The site 
examined below, as a case study site, represents the most extensive outbreak of 
dryland salinity found within this area. 
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Case Study Sites No. 10 & No. 11. 'Kenilwqrth' Binda. 
Wagner 1986, Sites 52 and 53, Map ref. 8729, Grid refs. 180040 and 170040. 
Introduction. The 'Kenilworth' property is situated approximately 4 km north of 
Binda in the Crookwell area within the Upper Lachlan Catchment. The two adjacent 
outbreaks that occur on the property have some unusual features. Generally this is a 
more elevated area (800 m above msl.) of higher rainfall (750 mm per annum) and is 
regarded as a very favourable grazing area. Most of the area was settled in the 1840s. 
Whilst the land on the property was extensively cleared in the past, it has had a 
history of over fifty years of pasture improvement and generally conservative grazing 
management. Over recent decades, there has been a dying out of the remaining 
scattered mature trees, mostly relatively shallow-rooted red stringybark (G. Webster, 
pers. comm. 1987). This has left the landscape even more denuded of trees. 
Other small scattered saline sites occur in the general area but none of them are of the 
magnitude or as degraded as the two sites on this property. Together they constitute a 
total salinised area of 30-35 ha. 
Site Description. Average annual rainfall for the area is 750 mm. Salinity occurs in 
drainage depressions, and on footslopes with slopes up to 2 percent of slope on Site 
10, and on sideslopes of up to 6 percent slope on Site 11, with the salinity extending 
to almost the catchment divide. Soils are highly erodable duplex yellow solodics, 
occurring over Ordovician'meta-sediments. The original vegetation was dry 
sclerophyll forest on the steeper upper slopes, and woodland with grass understory, 
on the lower slopes. 
Site History. Salinity on one side of the ridge between the two sites, the western 
side, Sitel l, showed signs of development as early as 1944 with marked 
development by 1953. By contrast the salinity on the eastern side, Site 10, showed no 
development as late as'19S3, but drainage depressions had developed a swampy 
appearance. From 1953 tcd963, both sites showed rapid salinity development, 
principally from 1957 onwards, until they both had reached their maximum areal 
extent by 1963. 
Rapid degradation of the sites by accelerated soil erosion followed denudation by 
salinity. As early as 1963, programs using conventional soil conservation earthworks, 
in conjunction with broad acre pasture improvement in the recharge areas, were 
commenced in an endeavour to arrest it. From 1965-1970 the Soil Conservation 
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Service of NSW undertook revegetation trials on the site using both tree and grass 
species. Under the highly saline conditions, all the planted tree species died. Success 
was only obtained with two of the sown grass species, Agropyron elongatum and 
Puccinellia spp. Soil salinity measurements in conjunction with these trials showed 
extremely high salt concentrations of up to 45 dS/m in surface horizon (0-1 OOmm), 
with the greatest concentrations frequently being found within the top 0 - 1 Omm. 
There were significant reductions down the profile to figures of 2-6 dS/m at the 240 
to 300mm level (Soil Conservation Service ofNSW, Unpublished Reports, 1968). 
Observations to 1992 showed the soil conservation earthworks had limited success. 
Many structures failed because of the highly unstable soils. In conjunction with the 
pasture improvement programs, ground cover had improved over the general area 
and about the margins of the affected sites and in the lower levels of the drainage 
depressions in the western side, but generally the sites remained very degraded and a 
very high erosion hazard. 
Conclusions. Salinity here has developed in the more elevated part of the region 
under more favourable rainfall conditions than in most other areas, and under better 
conditions ofland management subsequent to clearing, than frequently applies. 
However, salinity develtJpitient has been rapid and of considerable magnitude. It 
reached its maximum exteht by 1963. There has been little response to the soil 
conservation measures undertaken to alleviate the problem. Its development does 
have some features in common with salinity in the rest of the region. It occurred 
below extensively cleared grazing land on solodic-type soils formed over Ordovician 
metasediments. The chronology of its development matches that of many other sites 
across the region. This applies, particularly to the fact that episodes of development 
followed marked periods ofabove average annual rainfalls. Spatially, it reached its 
maximum extent within a relatively short space oftime, being largely complete by 
1963. As common to many other sites, the salinity is restricted to certain parts of the 
landscape. Even where a property is apparently well managed, under certain 
. conditions of climate and landscape, salinity can develop. When it does, it can be 
very difficult to counteract:. 
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3.4.2. Upper Murrumbidgee Catchment - Vass River Sub-catchment. 
The Y ass River catchmen~ together with the upper Lachlan catchment, has been 
referred to in the media as the 'salinity capital ofNSW'. It is seen as the area where 
there is the greatest potential hazard for future expansion. Figure 3.5, gives a 
panoramic view of the occurrence of salt-affected land in the worst affected part of 
the valley in 1957 (Walters, 1957). From conversations with older landholders, 
problems associated with salinity were recognised in the Valley by landholders from 
at least from the beginning of the century (1900), and advice was being sought for its 
solution as early as 1928 (A. Walmsley, pers. comm. 1993). 
In a survey undertaken by the SCS of NSW in 1957 (unpublished report) eight 
farmers out of the total of 131 covered in the survey mentioned that they had 
experienced trouble from 'salting' or 'soda' springs. The report noted that in 
traversing the area, widely distributed seepages resulting in the destruction of 
vegetation were evident. 
van Dijk(1958) reported about 40 cases of salt damage in the Yass Valley. Of these, 
17, including the most serious cases, were further examined. This showed that in 
approximately one-third of the cases, salinity had been first observed 25-30 years 
before. He estimated thatthe total salt-affected areas within the valley amounted to 
approximately 40 ha. His survey was not exhaustive, being directed more at 
understanding the problem, and subsequently proved an under-estimate. 
The first quantitative study eovering most of the Y ass Valley but also embracing 
additional areas around its perimeter was the Joint Shires Study undertaken by the 
SCS ofNSW, May 1981. This study showed that approximately 1570 ha or 0.8 per 
cent of the total area under survey was affected by dryland seepage salinity, the bulk 
of which was in the Y ass Valley itself. 
Not all saline-affected sites were identified in above study. Some seriously eroded 
areas, originally affected by salinity, but subsequently suffering severe surface 
degradation, were not recdgnised as having a salinity component. Other saline 
affected areas adjacent to creeks were attributed to stream-bank erosion. Again these 
included the same areas as overlooked by van Dijk, notably the upper 
Murrumbateman Creek. Only detailed ground survey, a slow procedure, can fully 
verify the situation. 
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Wagner (1987) prepared a report of the Yass River Catchment as far down as the 
Y ass Water Supply Weir, adjacent to the township of Yass. This study redefined the 
areas affected by dryland salinity in terms of sub-catchments of the Y ass River. In 
aggregate it showed that of the total catchment area of 122,530 ha, approximately 
1451 ha or 1.2 per cent of it was affected by dryland salinity. Of this, approximately 
700 ha or 47 per cent of the saline area occurred in the adjacent sub-catchments of 
the Dicks, Williams and Back Creeks. This represents 7 .1 percent of their combined 
total area of 9800 ha. This study also failed to include the salinity in the upper 
Murrumbateman Creek area. 
Nicoll and Scown (1993) estimated that dryland salinity currently affected between 1 
percent and 5 percent, or from 1200 to 6000ha, of the land in the Valley but it had the 
potential to degrade up to 20 per cent of some parts of the catchment unless some 
dramatic changes in land use were made. They concluded that removal of natural 
vegetation (trees) from the landscape by European-style agriculture over the previous 
150 years was the general cause of salinity. There is considerable debate on the 
extent of tree cover in south-eastern Australia prior to European settlement. Much of 
the land initially utilised in the Y ass Valley was treeless plain (Scarlett, 1972), and 
there were extensive areas of open woodland with grass understory. The steeper 
ranges and ridges dividing the lightly timbered country, however, were much more 
heavily timbered (Ryan et al. 1995). The combined effect of all subsequent forms of 
land use and management, together with tree clearing, must be considered in any 
examination of salinisation, in conjunction with localised or site factors. 
Wagner's (1986) study of dryland salinity included observations on 7 sites in the 
Y ass Valley. Of these 3 showed significant salinity at first observations, from 1941 
onwards. Another showed very significant development between 1952 and 1973, air 
photos not being available for the intervening period. A further site showed 
significant development between 1952 and 1967, whilst the remaining two generally 
remained as minor occurrences over the full period of observations. 
Of the sites, the one that has received the most attention from research workers and 
others concerned with salinity, has been the Whites Dicks Creek site, commonly 
referred to as 'The Opening Site'. 
Another lesser known site which has received little attention but which in many 
respects gives a fuller picture of the history of salinity development in the Y ass 
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Valley is Walmsley's 'Glencoe' site on the Upper Murrumbateman Creek. Also, 
salinity development at the Williams Creek site, adjacent to the Dicks Creek site, an 
area of very early settlement in the Valley is interesting in its development. These 
three sites are now examined in more detail. 
Figure 3.18. Map showing location of case study sites - Vass River Catchment. 
1 Dicks Creek 
2 Williams Creek 
3 Walmsley A. "Glencoe" 
0 10 20 30 
KtOfletres 
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Case Study Site No. 12. Whites Dicks Creek Site -'The Opening Site' 
Map ref. 983267, Map 8728 1: 100,000 
Introduction. This site, Figure 3.19 (a-d), was chosen for the launching of the 
'SALT ACTION" program in NSWin 1988, and has received wide publicity. It is 
. often currently depicted to show how salinity is spreading in NSW. A sequential 
study of the site provides a different perspective. 
Site Description. Average annual rainfall for the area is 625 mm. Dryland salinity 
occurs on a now severly eroded footslope, with slopes of approximately 4 per cent. 
Soils are duplex solodics developed on colluvium, with a strongly bleached A2 
horizon, and yellow to brown clay subsoils overlying denser massive clays of 
variable depth. The underlying geology is Ordovician meta-sediments (Nicoll and 
Scown, 1993). The original vegetation was probably dry sclerophyll forest, but the 
catchment now carries a cover of degraded native pasture at lower levels, and dry 
sclerophyll forest regrowth on the upper slopes. 
Site History. The site is one as identified by van Dijk in 1958 as having developed 
25-30 years previously. The earliest aerial photography available, January 1950, 
shows a totally denuded saline area, about 4 ha in area. Figure 3.5 (p 82), shows a 
degraded area of similiar extent in 1957. Subsequent photography shows that any 
extension of the degraded area since that time, appears to have been more the result 
of erosion rather than expansion of the saline-affected area. 
· The White family acquired land in the area in the late 1830s and, in keeping with the 
general practice, cultivated some of their holding for crops. As late as 1899 (Y ewen, 
1899) they were growing crops of wheat and barley. It is not known whether the site 
in question was cropped. Other small areas, on steeper side slopes a short distance 
away, show severe gully erosion down old plough lines as a consequence of 
cropping. Most of the catchment was cleared of timber with the only remaining 
timber being remnants and regrowth in the upper parts of the catchment. The 
property has a long history of being overgrazed and denuded of ground cover. 
Witter (pers. comm. 1981) who undertook pre-European history studies in the area in 
1980-81 claimed that the actual saline site itself was once an 'aboriginal tool factory', 
based on the amount of prehistoric occupational debris found on the site. He had 
observed an association between such prehistoric debris and eroded saline seeps. 
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Packard (1984) developed an hypothesis to explain such an association. His· 
hypothesis suggests that such sites as the 'Opening' Site, may have had a 
predisposition to becoming saline; the European impact being the trigger to this 
development. 
Current Situation. Minor extension of the degraded area at the site in recent decades 
appears to be as a result of erosion. The actual salinised area appears to have reached 
its maximum extent by the 1950s. The generally poor management of the property 
continues up until the present. No attempts are being made, even by such measures as 
the exclusion of stock, to lessen the pressure on the degraded saline area, or the 
recharge area. Restoration of the site does not now appear economically feasible. · 
Conclusions. Salinity appears to have developed at this site in the 1930s. Even 
though the land has continued to be poorly managed, as a long existing saline area, 
this· site has shown no disposition to expand beyond the limits of the original 
salinised area observed in the 1950's; with salinity remaining confined to a particular 
landscape element. This is despite the very wet years in the 1950s, 1960s, and 70,s 
which created and enlargened other salt scalds in the study area, including the 
adjacent Williams' Creek site. 
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Figure 3.19 Whites "Dicks Creek", The Opening Site 
and Williams Creek Site 
Fig. (a) January 1950 
Well entrenced saline area 
"Dicks Creek" the opening 
site, Yass Valley; western 
(left) side of picture. Only 
minor signs of salinity in the 
adjacent Willims Creek sub-
catchment to the east. 
Fig. (b) March 1973 
Only minor extension of 
Dicks Creek site since 1952 
appearing to be the result of 
erosion on the denuded 
surface. Significant salinity 
development in the adjacent 
Willims Creek sub-
catchment. 
Fig.(c) November 1983 
Dicks Creek site - similar 
extent to 1973 but . more 
degraded by sheet and gully 
erosion. 
Fig. (d) December 1989 
Dicks Creek site - similar 
extent to 1983. 
Williams Creek site - some 
improvement in ground 
cover around margins of 
scalded area but extensive 
area still significantly 
affected. 
Case Study Site No. 13. Williams Creek Site. 
Wagner 1986, Site 24, map ref. 997269, map 8728 1 :000,000. 
Introduction. This site occurs in the adjacent sub-catchment east of the Dicks Creek 
site, as shown in Fig. 3.19 (a-d). It is of interest because of the long period ofland 
use since first settlement before the development of any dryland salinity. The land 
was first settled by Williams in 183 7 but no information on the early settlement 
history is available. It was not until the 1950s that there were any signs of salinity. 
Subsequent salinity development then generally coincided with that on many other 
sites in the region. Following the initial outbreak, a large area subsequently became 
salinised, up to 32 ha. 
Site Description .. Average annual rainfall for the area is 625 mm. Watercourses, 
drainage depressions and low footslopes, with slopes up to 3 percent are affected by 
salinity. Soils are similiar to those at the Dick's Creek site but are more weathered 
with deeper profiles. The site is fed by a relatively extensive, mostly cleared and 
degraded catchment, subject to seasonal waterlogging. 
Site History. Aerial photographs for January 1950 (summer) and September 1952 
(early spring) show that although there were signs of seepage on the site, there were 
only very minor patches denuded by salinity, and no signs of tree deaths as later 
occurred. The catchment had been largely cleared of timber and there was evidence 
of seepage and waterlogging down the main watercourse passing through the site. 
The March 1973 photograph showed a very significant increase in salinity with the 
scalded denuded area reaching its maximum areal extent of approximately 32 ha. van 
Dijk's (1969) observations suggest that most of this development may have occurred 
in the late 1950s to early 1960s period. Photographs for 1983 show a similar area 
affected as in 1973, but sheet erosion had increased and further native trees had died. 
Subsequent photography for 1989 shows an improvement in ground cover around the 
margins of the scalded area and in parts of the catchment indicating that some 
regeneration is possible under more favourable conditions. The Soil Conservation 
Service of NSW undertook a rehabilitation program on part of the site in the 1991-
1992 period. 
It is not known when the recharge area to the site was cleared. It appears that this 
may have been relatively early in the settlement history. It now carries a poor cover 
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of predominantly native pasture. In wet years, as shown by the sequential aerial 
photography, there are significant seepages at lower levels in the landscape. 
Nicoll and Scown (1993) concluded that the groundwater levels in the Upper 
Williams Creek sub-catchment, together with the associated sub-catchments in this 
part of the Y ass River catchment, had not changed significantly since the 1960s. 
They had reached a new equilibrium, and the risk of further salinisation was low. 
However, they considered that this particular part of the sub-catchment should be 
managed as a high recharge area with appropriately high densities of tree planting 
and the establishment of permanent perennial pastures; together with the careful 
management of these pastures to maintain minimum plant height. Bradd and Gates 
(1993) found, however, that recharge occurred in all sub-catchments after several 
months of moderate winter rainfall. They also concluded that they were subject to 
seasonal discharge, and that the episodic and localised recharge played an important 
role in the transport of salts. Salt export from the sub-catchment was expected well 
into the future, with a continuing salinity hazard downstream. 
In the program of works undertaken by the SCS on the site, only part of the saline 
affected area itself received treatment. Recent aerial photography ( 1997) indicates 
that, within the limited area treated, this work has been quite effective in the 
regeneration of ground cover. 
Conclusions. After a long period of European land use, salinity did not develop on 
this site until the 1950's; and then in conjunction with outbreaks on other scattered 
sites in the region. Even though the salinised area expanded greatly between the 
1950's and 1973, it has not extended since then. As proposed by Cope (1958), 
landscape features, in themselves, appear to set a limit to spread in any particular 
situation. 
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Case Study Site No. 14. A. Walmsley 'Glencoe' Murrumbateman 
Wagner 1986, Site 27, Map ref. Map 8727 1: 100,000, Grid re£ 946172. 
Introduction. This site has the oldest personal account of dryland salinity 
development in the Yass River Valley (1902), and of measures taken to treat the 
problem (1928) (A. Walmsley, pers. comm. 1993). The immediate recharge areas to 
these outbreaks remained uncleared until sometime after their development. Little 
extension of the affected saline area, has occurred over the last fifty years. However 
the denuded areas have been further degraded by severe sheet and gully erosion, as 
shown in Fig. 3.20 (a-d). 
Site Description. Average annual rainfall for the area is 650 mm. Salinity is 
confined to a perched basin (van Dijk and Woodyer, 1961) forming the catchment of 
the upper Murrumbateman Creek. The main site occurs on a small floodplain of the 
Murrumbateman Creek, mostly with a slopes ofless than 1-2 percent, but flanked by 
steeper hill slopes away from the creek itself Other outbreaks occur adjacent to the 
minor tributary watercourses. Whilst the main site is approximately 6-7 ha in area, 
approximately 20 ha in total is affected by salinity in the general area. Soils are 
yellow solodic and solonetzic formed on colluvial material overlying Silurian 
sediment geology. The catchment is now completely cleared, and generally carries a 
poor cover of degraded native pasture. Originally the upper slopes were covered with 
a heavy vegetation of dry sclerophyll forest, and the lower drainage areas were 
largely treeless. 
Site History. Mr. A. Walmsley (1913-1995), who lived on the property all his life, 
stated (A. Walmsley, pers. comm. 1993) that his father had told him that the first 
signs of salinity were seen after the 1902 drought. Ground cover had not regenerated 
on many patches that had been denuded during the drought and these had 
subsequently become saline. The areas on small floodplains, drainage depressions 
and low footslopes immediately adjacent to the Murrumbateman Creek, where some 
of the most long-existing and severely-affected saline sites now occur, were 
cultivated for wheat production in the period from the 1870s to the 1890s. These 
areas were naturally treeless or carried little timber, permitting ready cultivation. 
However, the soils were so heavy on the white pipe-clay flats, now identified as deep 
solodics or solonetzic soils, that it was necessary to plough them with bullock teams; 
the work being too heavy for horses. Evidence of this can be seen on the 1941 aerial 
photography where the old plough furrows can still be seen. The slopes up from these 
flats were of better soils, red podsolics, but were generally heavily timbered and not 
used at this time. They were later cleared for grazing, this generally being completed 
by about 1910-1912 with some scrubbing and suckering necessary for about five 
years after that. Salinity was evident on the valley floors before these upper slopes 
were cleared. No salinity developed on the upper slopes themselves. 
As with much of the upper Yass River Valley, settlement commenced in the upper 
Murrumbateman Creek area in the 1830s. Prior to this the land had served as part of 
sheep runs from the early 1820s. According to Mr Walmsley, miners settled in the 
area in the 1830s and with later selections, 8-10 leases were taken up within the area 
now occupied by 'Glencoe' and the upstream adjoining property ofLucas's 
'Wantagong'. Accor4ffig to Yewen's directory of the landholders ofNSW (1899), 
Lucas 'Wantagong' together with other settlers in the area, were still growing some 
wheat and other grain crops as late as 1899. 
Mr Walmsley reported that his father had become so concerned about the developing 
salinity on 'Glencoe' that in 1928 he sought the advice of a widely respected 
geologist of the time, Mr A.J. Shearsby. 
Apparently Mr Shearsby saw the problem 'as beyond comprehension', and whilst it 
would not develop to the extent that it would affect their livelihood, he saw no ready 
solution to it, but thought that it may be 'self-curing'. 
Mr Shearsby left test fubesruid chemicals (silver iodide etc) for testing for salinity 
and instructed Mr Walmsley, then a 15-year-old youth, in their use. Mr Walmsley 
continued the tests for many years, apparently right up until the 1980s. Unfortunately 
the records he kept have been lost. Generally he tested the top 50 to 75 mm of soil all 
over the property invariably finding that the white pipe-clay soils on the flats 
contained sodium chloride whilst the red podsolic soils on the upper slopes did not. 
Attempts were made to encourage revegetation by ripping some of the areas with a 
30-inch rabbit ripper to.redistribute the surface concentration of salts through the 
profile. Little benefit was obtained from this work. 
Aerial photography from 1941to1985 (Figure 3.20 a-d) shows little overall change 
in the area affected by salinity since 1941. The 1941 photography, taken in October 
1941 shows an existing saline area at the main site of 6-7 ha on the old floodplain of 
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the main stream and running parallel to it. Old plough lines were still visible, 
although erosion was not yet significant. The autumn photographs of 1959 and 1967 
show some marginal extension of the scalded area and erosional deepening of the 
area previously denuded. These photos also reflect more scalded conditions on all 
sites. This could be expected under autumn conditions, as surface concentrations of 
salts frequently reach their maximum in the late summer-autumn period, prior to 
dilution in the cool season rainfall period. The 1985 photography following two 
above-average rainfall years, shows some improvement around the margins of all 
saline areas, in conjunction with a general improvement in ground cover over the 
whole landscape. 
Current Situation. Although the affected sites have continued to degrade by erosion 
no new outbreaks of salinity of any significance have occurred since that time. The 
area remains one of extreme erosion hazard with little prospect of any regeneration 
under present circumstances. 
In 1995, the NSW Department of Conservation and Land Management (CALM) 
undertook a rehabilitation program on the main saline site, involving ripping and the 
installation of soil conservation structures, tree planting and the sowing of salt-
tolerant grass species. No improvement is yet evident from this work. 
Conclusions. This is ail'e:Xample of an early outbreak of salinity following 
cultivation and drought. No significant increase in salinity has been observed since 
1941. In spite of the fact that the recharge area to the saline sites has been completely 
cleared for many years, and the whole of the area has been subjected to very poor 
grazing management over a long period of time, there has been no progressive spread 
of dryland salinity beyond' the initial outbreaks. Land use on the discharge sites 
themselves appears have been a significant factor in salinity initiation. 
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Fig (a) 27th October 1941 Well developed saline area running parallel to upper 
Murrumbateman Creek. Note: Old plough lines on flat above saline area. 
Fig (b) 14th March 1959 
deepening. 
Well entrenched saline area with erosion 
Fig (c) 4th March 1967 
area. 
Salinity of similar extent to 1959 over the general 
Fig (d) 6th February 1985 Some regeneration around margins of saline areas 
under more favourable seasonal conditions. 
3.4.3. The Upper Warragamba Catchment Area 
Most dryland salinity in the W arragamba Catchment occurs in the upper reaches of 
the catchment under similar landscape conditions to those in the Y ass River Valley. 
Salinity in the catchment is of concern, since the catchment supplies part of 
Sydney's water supply. Outbreaks of dryland salinity in this area following a 
succession of wet years from 1949 to 1952, and the fear of further outbreaks 
following the wet years of 1955-56, sparked concern amongst landholders, and drew 
wider attention to the problem (Wagner,1957). Wagner made his initial observations 
in the catchment of Crisps Creek in the Tarago area, an upper minor tributary of the 
Wollondilly River. His observations were principally on the property 'Cowley Hills' 
but conditions in the surrounding landscape were also noted. The above property was 
later absorbed into the adjoining holdings. This area is now re-examined. 
Figure 3.21 Map of Upper Warragamba Catchment showing location of case 
study site within Crisps Creek sub-catchment 
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Case Study Site No.15. Crisps Creek Sub-catchment. -Figure 3.22 (a-e). 
Introduction. This is an area where some of the most widespread dryland salinity in 
the upper Warragamba catchment developed from the 1950's. Due to the efforts of 
individual landholders, most of the former scalded areas had been reclaimed and . 
restored to productivity by the mid-1980's. 
Site Description. Average annual rainfall for the area is 650 mm. Dryfand salinity 
occurred in drainage depressions and on footslopes with up to 4 per cent slope. Soils 
are principally yellow solodics formed on colluvial material, overlying Silurian and 
Ordovician meta-sediments. The upper catchments, or recharge areas, are of rugged 
topography, and were originally vegetated with a dry sclerophyll forest vegetation. 
·This was completely cleared early in the history of settlement. Swampiness with 
highly saline stream flows are permanent features of Crisps Creek. 
Site History. This area was first occupied as part of the original "Willeroo" land 
grant in 1824. It has been continuously grazed with sheep and cattle since that time. 
The aerial photography of October 1941, shows a largely cleared degraded landscape 
under an extremely poor cover of native pasture. There are· denuded scalded areas and 
widespread sheet and gully erosion with obvious signs of salinity. 
'Following the succession of unusually wet years of 1950-52, Wagner (1957) noted a 
significant extension of the area affected by salinity. At the 'Cowley Hills' property 
efforts were made to treat the problem, however, it continued to expand until 1960 
when 45-50 ha in total were affected. 
Although soil conservation works were undertaken and these had halted the active 
erosion to some extent, by 1967 the affected areas had extended and had become 
increasingly denuded due to salinity. 
The 1976 aerial photography showed a significant improvement in the condition of 
the landscape. Ground cover had regenerated on most of the denuded areas and much 
of the active erosion had been stabilised. Only the most deeply entrenched degraded 
areas had not regenerated. Aerial photography for 1985 Fig 3.22 e, confirms that this 
regeneration had continued, with the landscape exhibiting a much more stable 
condition overall. There had been no increase in tree cover across the landscape in 
the intervening period. An inspection in 1996, confirmed that this improved situation 
had been maintained. 
In the intervening period between 1967 to 1976, changes in land ownership had 
occurred. The eastern section had been purchased by the adjoining landholder in 
1969, and the western portion was acquired for the development of Woodlawn mine. 
With these changes in ownership significant changes in management also occurred. 
The landholder who acquired the eastern portion, D.J. Pockley 'Pylara' Tarago, 
believed the regeneration brought about from 1969 to 1976 was due to: 
• A pasture improvement program and regular fertilising with superphosphate 
(no lime was used). 
• Subdivision and the introduction of a rotational grazing system permitting a 
lengthy period for pasture regeneration between grazings. Each paddock was 
grazed with weaners for two weeks and then had an eight-weeks spell from 
grazing. This1 strategy was designed to protect the health of the sheep from 
internal parasites, as well as for maintaining the pasture. 
• The beneficial effects of the soil conservation earthworks. 
• A favourable run of seasons in terms of rainfall from 1973 to 1976, in 
conjunction with the above programs. When there were periods of 
unfavourable seasons, and acute seasonal stress, efforts were made to rest the 
land and preserve its viability. 
From 1988, a re-afforestation program largely based on direct seeding, was 
commenced on the property, but this was subsequent to the above regeneration, and 
could not have contributed to it. The primary objective of the landholder had been to 
develop a more sustainable and productive grazing system in his particular 
environment, both from the viewpoint of plants and animals. Dryland salinity has 
been rehabilitated in the process. It is significant, that under his different conditions 
of management, he regarded the above-average rainfall period from 1973-1976 as 
an opportunity to improve pastures and rehabilitate saline areas, in contrast to the fear 
expressed by landholders in earlier years that such wet periods would bring about an 
increase in dryland salinity. The 1985 aerial photograph shows little sign of any 
scalding on this area. Recent advice from the Department of Land and Water 
Conservation NSW to the landholder is that there are no saline areas requiring 
treatment on his property (D. Pockley pers. comm. 2000). Pockley (2000) advises 
that the direct expenditure in reclaiming saline areas has only been a small part of the 
total expenditure on soil erosion control and property development on the property. 
over the years since the late 1960s. 
On the former western part of the property the Woodlawn Mine also initiated a 
rehabilitation program. This involved: 
• a pasture improvement program with regular annual topdressing with 
superphosphate, 
• applications of lime at rates of up to 5 tonnes per ha to reduce acid soil 
conditions, 
• sowing of salt-tolerant pasture species, 
• tree planting, 
• conservative stocking. 
The objective of the above program was to return the unused areas associated with 
the mine to a stable condition. This has generally been achieved, with the fonner 
saline areas largely revegetated, except for some areas adjacent to the mine workings 
_which still show a mild degree of scalding (Fig. 3.22e). To date the major ch,anges to 
surface and groundwater systems resulting from mining activities since the late 1970s · 
do not appear to have had any effects on this rehabilitation. 
Conclusions. The above general area was one that was early identified as being 
severely affected by dryland salinity, and the catchment of Crisps Creek as an area of 
high salinity hazard (Wagner, 1957). Although the hazard still remains, the 
management systems that have been introduced since the 1960s, particularly in the 
eastern portion away from the mine area, indicate that salinity can be successfully · 
treated. A run of above average rainfall seasons has been seen as an opportunity to 
· rehabilitate saline areas, and not as increasing the salinity hazard. At no time has· a 
progressive spread of salinty, either temporarily or spatially, across the landscape 
been evident. This case study highlights the merits of programs designed to achieve 
greater overall sustainability and productivity overall, against those with the singular 
objective of trying to manage, or control, dryland salinity. 
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Fig (a) October 1941 Poor cover of native pasture. Denuded scalded 
areas and obvious salinity. 
Fig (b) January 1960 Widespread salinity in sub-catchment. Some 
salinity also evident in earlier October 1941 photography. 
Fig (c) July 1967 
programs in progress. 
Dryland salinity reached maximum extent. Rehabilitation 
Fig (d) April 1976 Regeneration of most saline areas since 1967. 
(Woodlawn minino operation commencino in north-west sector. 
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Fig (e) Feb Photo 1985 Further regeneration since 1976 with most major 
scalded areas regenerated. No more tree cover. (Full development of Woodlawn 
Mine). 
3.4.4. Upper Shoalhaven Catchment. - South-East Region. 
Although incidences of dryland salinity are generally not as numerous in the Upper 
Shoalhaven Catchment as in the Y ass Valley and the Upper Lachlan Catchment, 
there are a number of severely affected sites in the upper tributary sub-catchments in 
the more northern parts of the catchment. The incidence of salinity diminishes 
moving south as rainfall increases and there is more of a coastal influence, with the 
last significant occurrence being in the Little Burney Forest area, approximately 20 
km north-east of Braidwood. Again, this catchment also forms part of Sydney's water 
supply. 
A number of sites have features of particular interest, and these are now examined as 
case study sites. 
Figure 3.23 Map showing location of case study sites - Upper Shoalhaven 
Catchment 
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Case Study Site No. 16. The 'Yarralaw' Site. 
Wagner 1986, Site 68, Map ref. 8828: 625272. 
Introduction. The Department of Conservation and Land Management, NSW, 
regarded this area, Fig. 3.24 & 3.25, as the most severe outbreak of dryland salinity in 
the whole of the Shoalhaven catchment, (A. Rose, pers. comm. 1998). The study site 
was included by Wagner ( 1986) in his coverage of sites in the south-east region, and 
was the subject of an intensive study by Bullock (1989), as described in section 
2.4.3.3. The area has a long history of European land use, going back to the early 
1820s. 
Site Description. Average annual rainfall for the area is 688 mm. The study site has 
an area of approximately 6 ha, with 4.5 ha affected by severe scald. There is up to 20 
ha affected by dryland salinity in the surrounding area. Watercourses, drainage 
depressions and footslopes, with slopes up to 2-3 percent, are affected. Soils in the 
area are mainly duplex solodic and solonetzic, overlying Ordovician sediments with 
porphyritic monozonite intrusions (Bullock, 1989). Remnant vegetation in the 
vicinity is a stunted dry sclerophyll forest, and some mixed heath community, with 
more open woodland with grass understorey at lower levels in the landscape. Aerial 
photography showed the catchment of the study area had been extensively cleared by 
1941. It is probable that it was cleared early in the history of settlement. Also it is 
possible that the lower slopes, away from the rocky outcrops, and now affected by 
salinity, were cultivated for grain production in earlier periods. Present vegetation 
consists of a ground cover of degraded native pasture. 
Site History. The 1941 aerial photography showed that the area carried a poor cover 
of native pasture with watercourses appearing in a denuded condition. Although there 
were no obvious signs of salinity on the study site itself, a watercourse to the north-
west appeared scalded along part of its length. Aerial photography for 1952 also 
showed no obvious salinity. Aerial photography in 1962 showed very extensive 
salinity development with 4.5 ha of severe scald developing on the study site and 18-
20 ha in total in the general area. From rainfall patterns Bullock (1989) hypothesised 
that the starting date for scald development could have been either 1953 or 1956. 
Because of the apparent rapid rate of its development he proposed that scald 
formation may be 'catastrophic' rather than 'progressive'. Further observations by 
both Bullock and Wagner up to 1986 showed no increase in the areal extent of the 
area, although it continued to degrade by erosion within its established perimeter. 
Current Situation. Ground inspection of the site in August 1993 showed that the 
scald was of similar extent to 1986, but had been further degraded by erosion within 
its perimeter. There had been some increase in salinity within the general area. A 
large part of the catchment had been planted to Pinus radiata, with trees 5-6 years 
old, but to date this appears to have had no mitigating effect on the problem. A 
depressing sight was that some of the most badly salted areas had been subdivided 
and sold off by developers to hobby farmers. One of these hobby farmers was 
anxious to know what he might be able to grow on his block. 
Conclusions. The initial development of dryland salinity appears to have been 
sudden in its onset, coinciding with above average wet then dry periods. 
Three important observations can be made from this site: 
1. Although the area had a long history of European land use, from the early 
1820s, salinity development occurred on this site around the same times it 
developed on many other sites in the region. This suggests the influence of 
extrinsic factors in salinity development as proposed by Bullock (1989). It 
also supports the hypothesis proposed by Wagner (1986), and others, of 
episodic salinity development. 
2. Salinity development on the site developed in a relatively short space of time; 
and its spread is restricted to particular seepage discharge situations in the 
landscape. 
3. The study site represents an area with a long history of European land use; 
and the unforeseen effects of land use practices, which in the long term have 
proved unsustainable. This is pertinent to current discussions on 
sustainability. 
Figure 3.24 "Yarralaw" - Upper Shoalhaven Catchment 
Fig. (a) October 1941 
Landscape denuded and scalded 
appearance of watercourses but no 
obvious salinity (1952 photography 
showed no obvious salinity). 
Fig. (b) December 1962 
Extensive salinity development since 
1952 with sheet and gully erosion 
developing in watercourses. Timber 
cover identical with October 1941. 
Fig. (c) January 1967 
Salinity of similar extent to December 
1962. 
Fig. (d) November 1978 
Salinity of similar extent to 1962 and 
1967 but sheet and gully erosion more 
pronounced. Recent timber clearing in 
catchment. 
Figure 3.25 The 'Yarralaw' Site, October 1991 with subdivision for rural 
retreat development taking place . 
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Case Study Site No. 17. 'lnverary Park' Bungonia 
Map Ref. 8828: 736337. 
Introduction. Dry land salinity in the Bungonia area has a number of unusual aspects 
in conjunction with a complexity of landscape features sufficient to make it a 
separate study in itself. While several small outbreaks occur, a detailed examination 
has been made of one particular site on the 'Inverary Park' property. 
Geologically the area is very complex with Ordovician sediments being partly 
overlain by a basaltic capping in the southern part of the landscape. Immediately to 
the north, they are overlain by Silurian sediments and limestones. Within a short 
distance to the east is the deeply incised Shoalhaven Gorge with its influence on 
deeper groundwater processes within the area. The soils developed on the basaltic 
capping are relatively fertile with good drainage characteristics. Meehan (and Hume) 
in his journey of exploration in 1818, prior to European settlement, reported that the 
area was mostly treeless. A large part of this area was included in the original grant 
made to Dr David Reid in 1822, on which he developed his 'Inverary Park' property. 
He quickly set about cultivating it for grain production in conjunction with a broad 
range of other agricultural activities, the first land in the 'New country' to be so used. 
Such forms of land use were continued after the acquisition of the property by the 
Broadhead family in 1853. In the 1870-1880s it was one of the largest wheat farms in 
the colony with 200 acres (81 ha) under wheat in 1877. Descendants of the 
Broadhead family still reside on the property. Some crop production is still carried on 
but mostly oats and other fodder crops are grown; wheat growing having long ceased. 
Site Description. Average annual rainfall for the area is 688 mm. It appears that the 
basalt-derived soils may be the recharge area to the salinity development further 
downslope. Infiltration through these better drained soils could mobilise soluble salts 
in the underlying weathered Ordovician materials resulting in salt concentrations in 
surface horizons at lower levels in the landscape, where, due to less permeable 
deeper soil horizons, drainage is impeded. Similar situations have been documented 
by Shaw (1992) in Queensland. 
The nature of the soils formed on the Ordovician materials themselves is also 
important to salinity development. Non-alkaline sodic duplex soils (Northcote and 
Skene, 1972) occur on low footslopes and in valley bottoms. These soils are subject 
to periodic and seasonal wetting and drying and are highly dispersible and are 
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susceptible to tunnelling and massive gully erosion, associated with excess sodium. 
In contrast to the generally treeless basaltic capping, most of the area away from the 
watercourses originally carried a heavy cover of dry sclerophyll forest. Although 
much of it was cleared in the early period of settlement it has only been in recent 
decades that the massive gully erosion has developed in some watercourses, often 
referred to by local soil conservationists as 'chasm' gullying. 
Site History. The saline outbreak that was examined in more detail is situated on the 
original "Inverary Park' property. It is shown in the aerial photography from 25 
October 1941, Fig. 3.26 (a) and that for 12 October 1991, Fig. 3.26 (b). A gap of 
almost precisely 50 years occurs between the two sets of photography. 
As shown in the 1941 photography there is some sheet erosion and minor gullying 
down the main watercourse and some thinning of ground cover on the footslopes to 
its southern side. The 1991 photography shows some entrenchment of the gully 
erosion in the main watercourse. A most significant change, however, has been on 
the southern slope where active sheet and gully erosion is evident. A ground 
inspection in December 1993 showed an active seepage discharge area with high 
surface concentrations of salt. This appeared to be the cause of the initial denudation, 
predisposing the area fo the subsequent erosion. It was also observed that seepage 
salinity was contributing to the major gully erosion at the head of the main 
watercourse. Aerial photography between 1941 and 1991 was not available and it is 
not known when the major salinity development took place . 
Figure 3.26 'lnverary Park' saline site Bungonia- Upper Shoalhaven 
Catchment. 
Comparison of the 1941 and 1991 photography shows little change in total tree cover 
between the two periods over the apparent recharge area. When the original clearing 
took place is not known, and no opinion can be expressed about the 'lag time', 
between the original clearing and the development of dryland salinity. It is obvious in 
both aerial photographs, despite the interval of 50 years between them, that the 
ground cover, and stable condition of the basaltic crests are superior to the degraded 
condition of the lands below. The degree to which this very stable area may have 
contributed as a recharge area to the discharge and subsequent salinity downslope 
cannot be ascertained. This touches on another aspect of sustainability and salinity. 
What may be considered a sustainable land use practice in one particular landscape 
situation, may have undesirable off-site effects, contributing to unsustainability in the 
wider landscape. 
Current Situation. In an endeavour to rehabilitate this site the local Landcare group 
commenced a program of works in 1994. The affected area was contour ripped and 
contour banked and sown to salt-tolerant grasses and woody species. Pastures were 
also sown and trees plantedin the immediate catchment or recharge area above. The 
area in 1997 was in a more stable condition with good establishment of the salt-
tolerant species Agropyron elongation as a ground cover and survival of woody 
species such as Old Man Saltbush. However there is active seepage discharge and the 
area still remains a salinity hazard. 
Conclusions. Although dryland salinity was not identified in the Bungonia area until 
recent years, it possibly may have contributed to land degradation in the area over a 
longer period of time. The photographic evidence available covering the above site 
shows that although there were symptoms of its development in 1941, the major 
outbreak occurred after that time. 
'Inverary Park' has a reasonably well-documented history of European land use over 
175 years. The above observations support the hypothesis that salinity outbreaks are 
associated with intervening extrinsic factors (Bullock, 1989), in conjunction with 
land use and management factors, and are episodic in their development. 
Case Study Site No. 18. 'Millended Springs' - Boro. 
Wagner 1986, Site 82, Map ref. 1:100,000. 8827: 475075) (Fig. 3.27). 
Introduction. The property of 614.3 ha is in the Nerrimunga Creek Project Area 
within the immediate catchment of the proposed Welcome Reefs Dam, a planned 
major storage to meet Sydney's future water needs. In the early days of the colony, 
when it was originally settled, the property would have appeared as an attractive site 
for settlement. Close to one of the main routes to the south via Lake Bathurst, it was 
a reasonably self-contained basin of moderate slope well watered by Millended Creek 
with low footslopes and creek flats giving some opportunity for cropping, on the 
scale as then undertaken. 
It was described by the SCS ofNSW in 1985 (unpublished report,1985) as 
contributing to a massive silt movement into the Shoalhaven River as a result of 
severe gully and sheet erosion and soil salinity. Soil salinity was seen as a major 
problem, the property being potentially the worst affected in the catchment. Fifteen 
separate locations covering a total area of 5 ha were identified as affected by dryland 
salinity and secondary sheet and gully erosion. A further 40 ha was identified as 
affected by soil salinity, without the development of secondary erosion. 
Initially, a $180,000 program of works was proposed for rehabilitation works on the 
property. However a subsequent proposal was to resume the property at a cost of 
$170,000, and carry out a revised program of work, which under normal project 
arrangements was estimated to cost $315,000, with a total cost of almost $500,000. 
The property was subsequently resumed and a program of works implemented. 
Site Description. Average annual rainfall for the area is 650-700 mm, with some 
coastal influence. Dryland seepage salinity on the property occurs generally on 
yellow solodic soils formed over Ordovician metasediments, with drainage 
depressions and adjacent footslopes with a maximum slope of approximately three 
per cent, being principally affected. Most of the topsoil has been lost from the saline 
affected areas and the former subsoil horizons which now constitute the surface layer 
is extremely infertile, both physically and chemically. With low infiltration rates and 
high evaporation on denuded surfaces, further salt accumulation in surface horizons 
could be expected. The sitepresents an interesting geomorphological study. At the 
downstream end of the basin below the degraded saline areas, the main stream, 
Millended Creek, passes through a narrow gap. Within this area there are rock 
barriers and knickpoints which appear to impede both surface and groundwater 
drainage from the basin above. This would contribute to maintaining high watertable 
levels through the lower parts of the basin now affected by salinity, - a 'perched' 
basin situation (van Dijk and Woodyer, 1961). Under a vegetative cover of dry 
sclerophyll forest and mixed heath and shrub vegetation, as occurred prior to 
European settlement, more of this moisture may have been used, and a better 
hydrological balance maintained within the basin itself (Abbott, 1880). 
Site Observations. The 1941 aerial photography shows an extensively cleared, 
denuded landscape, degraded by sheet erosion and scouring and minor gullying of 
tributary watercourses, particularly on the southern side draining directly into 
Millended Creek. There is marked salinity development down the main watercourses 
and other bare scalded patches occur, but generally these are not contiguous. An area 
of recent cropping can be identified on a creek flat alongside Millended Creek, and 
there is evidence of earlier cropping on the immediately adjacent lower slopes to the 
south. 
'' t' 
I . 
Fig (a) October 1941 
Salinity patches down main 
watercourse and other scalded 
patches but generally not 
contiguous. Area generally 
degraded with widespread sheet 
and minor gully erosion. 
Fig (b) July1967 
Extensive salinity development and 
extension of sheet and gully erosion 
since 1941. 
Fig (c) July1976 
Marked regeneration of 
groundcover since 1967 although 
extensive saline areas and 
entrenched gully erosion still 
evident. 
Fig (d) February 1985 
Area more degraded than 1976, 
with increase in area affected by 
scald and semi-scald. 
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The 1960 and 1967 photography shows extensive salinity development and extension 
of sheet and gully erosion since 1941. Scalded saline areas have become contiguous 
in the main drainage depressions and footslopes, and major gully erosion has become 
entrenched in the main tributary watercourses. At this time about 50-60 ha were 
affected by scald and semi-scald in the catchment. 
The 1976 photography shows some improvement since 1967. There is a marked 
regeneration of ground cover overall, and although extensive saline areas and 
entrenched gully erosion is still evident, the total area affected by scald and semi-
scald has been reduced to 23-24 ha. There is also less obvious sheet erosion. Some 
tree regeneration can also be seen on the upper slopes. 
The 1985 photography shows a deterioration since 1976. The land is more denuded 
of ground cover and possibly 35-40 ha appears affected by scald and semi-scald with 
approximately 10 ha of this being severe scald, i.e. completely denuded and actively 
eroding. Some further small amount of tree and woody shrub regeneration has 
occurred since 1976. This is probably due to the exclusion of stock. An inspection 
revealed regeneration of the woody shrub species Melaleuca and Casuarina. 
A markedly wet period prior to 197 6 appears to be associated with the regeneration 
of ground cover here and on other sites within the region; whilst the very dry period 
in the early 1980s could have had the reverse effect. Waxing and waning of seepage 
salinity seasonally, and from one period to another, has been noted as part of the 
salinity phenomenon within the region. The proposed program of works on the 
property was completed by 1990, and stock have been excluded since the late 1980s. 
Current Situation. An inspection in February 1997 showed the general condition of 
the site had improved. The extensive program of structural works were generally in a 
sound condition and had largely stabilised the formerly eroded areas. However, most 
of the previously salt-affected and sheet-eroded areas were still in a denuded state 
and still remain a high erosion hazard. The failure of protective ground cover to 
develop is possibly due to grazing by feral animals. In spite of the prolonged high 
summer temperatures there was no sign of salt crystallisation on the bare exposed 
surfaces. Under the previous works program, these had been deep ripped and sown 
with salt-tolerant species and straw mulched. Little evidence of any of this work 
remained. A disturbing feature was the redevelopment of tunnel erosion in the highly 
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dispersible solodic soils. If this causes structures to break down, accelerated erosion 
will once more develop. 
Associated with the generally improved appearance of the area was the widespread 
regeneration of woody plant species, particularly on the upper slopes. These included 
Acacia, Banksia, Casuarina and Melaleuca shrub species, and on some patches good 
regeneration of the native Eucalyptus tree species. Under the works program much of 
the cleared lower slopes had been planted to trees using both tubed stock and direct 
seeding. Generally there was good establishment of the tubed stock, but initially poor 
results had appeared to have been achieved with the direct seeding. After a protracted 
period however, more establishment is now becoming evident. Of major concern is, 
that currently there is no program in place for the maintenance of the works 
undertaken, or for the present and future management of the property. 
Conclusion. Salinity was evident on this site in 1941, however, the major extension 
occurred between 194~ and 1960 to 1967. Some regeneration had occurred by 1976, 
but by 1985 the situation had deteriorated. Restoration works completed by 1991 
improved the stability of the area, but it still remained a high salinity and erosion 
hazard. 
Of major concern is the long-term future management of this property. Without any 
long-term plan for achieyjng sustainability, resources may be needlessly wasted on 
'' 
works, which although appearing to some degree to be effective in the short term, 
cannot in themselves achieve long-term stability. 
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Case Study Site No. 19. Near Little Burney Forest, Braidwood 
Wagner 1986, Site 81, Map ref. 1:100,000. 8827: 616900. 
Introduction. The early agricultural history of this site is not known, however, in 
terms of salinity development it has had a similar history to the Millended Springs 
site. The property of375 ha was also been acquired by the Metropolitian Water 
Sewerage & Drainage Board under its Shoalhaven Catchment program. This site is 
the last major incidence of seepage salinity observed to the north-east of Braidwood. 
The area is more humid with approximately 700-750 mm annual rainfall, or possibly 
higher, with a coastal influence. This is evident in the more vigorous tree growth 
compared to the Millended Creek site approximately 25 km to the north-west, and 
commercial Pinus radiata plantations are planted in the area. 
Site Description. Soil salinity occurs on highly dispersible yellow solodic soils over 
Ordovician metasediments with the main drainage depressions at lower levels in the 
landscape and adjacent footslopes with grades of2-3 per cent principally affected. 
Severe sheet and gully erosion has developed and the area is one of extreme erosion 
hazard. The catchment is approximately 600 ha. While the vegetation is mainly dry 
sclerophyll forest, more intermediate (wetter) forms occur in more moist situations. 
The southern part of catchln.ent has been extensively cleared, and has a ground cover 
of degraded native pasture. The northern part has been mostly planted to pines in 
recent decades. 
Site History. The 1941 photography shows scalded and denuded areas down the 
main watercourse below an extensively cleared catchment. Minor gullying was 
developing down the main: drainage lines and the catchment was generally denuded 
of ground cover with patches of sheet erosion. The 1960 and 1967 photography 
shows extensive salinity had developed with 7-8 ha in the lower drainage depressions 
and adjacent footslopes affected by severe scald. Gully erosion had become more 
entrenched. However, the upper slopes of the catchment appeared to carry better 
ground cover. The 1967 photography also shows that part of the catchment to the 
north has been cleared in preparation for planting commercial pine plantations. The 
1976 photography shows a general improvement on the site. A scalded and eroded 
area in themain watercourse immediately above the main road showed significant 
regeneration, and improved ground cover over the catchment contributed to a more 
stable land surface. Pine plantings had recently been undertaken on areas to the north 
but at this stage this would have had little influence on catchment hydrology. Aerial 
photography, and a ground inspection in 1985, showed a significant deterioration 
since 1976. Scalding had redeveloped with at least 5-6 ha affected by severe scald 
and the degradation was reminiscent of the 1967 situation. By this time the pines 
planted in the sub-catchment to the north were well established. 
In the early 1990s stock was excluded and the area was treated with an intensive 
system of soil conservation works. As at Millended Springs, a heavy application of 
gypsum, to stabilise the dispersible soils, was applied in conjunction with these 
works. Total cost of the program was probably in excess of$200,000 (S. Nichols, 
pers. comm. 1993). 
Current Situation. An inspection in February 1997 showed an improvement in 
ground cover over the catchment although it was being heavily grazed, principally by 
kangaroos. Many of the scalded areas were still bare but remained stable because of 
the effective contour banking. There was very good tree regeneration over the area . 
A significant feature was that the large scalded area.at lower levels in the main 
watercourse, although still scalded, had been stabilised by a thick growth of 
Melaleuca spp. a recognised salt-tolerant native woody plant. The growth of this 
species was prolific along most watercourses. From the inspection it seems that the 
expensive program of rehl'lbilitation works that have been carried out have been 
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effective in the short t~, but unless they are followed by an effective continuing 
program of management, the long-term results are dubious. 
Conclusions. This is one of the most humid areas in which dry land seepage salinity 
is found in the south-east region. Salinity was already present at this site in 1941. 
However, extensive development of salinised areas occurred between 1941 and 1967. 
The situation had improved,by 1976, but by 1985 the situation had again worsened. 
This site shows the waxing and waning of salinised areas with climate. 
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Table 3.5 Case Study Sites South-East Region - Summary of Observations 
SITE LOCATION INITIAL SALINITY MAXIMUM SALINJTY DISCHARGE SITE RECHARGE AREA ANNUAL sons GEOLOGY REMARKS I 
rtJMBER NAME OUTBREAK MAXIMA SALINE FINAL PRIOR LAND USE PRIOR LAND USE RAINFAIL 
Approx Approx AREA OBSERV- MM 
Date Date ha ATIONS1986 cleared cropped gnmd cleared cropped gnmd r 
evendale - Blakney Creek - Upper Lachlan River Catchment 
1 Dunleys Before 1900 1973 s Sha yes yes no :.no no no 680 dysol. Ordovician Oldest known silline 
meta- site in region. 
severe erosion sediments Selection cropped 
hazard for grain production 
2 Daleys Creek Early 1930s 1973 20 20ha yes some yes yes no yes 680 dysol. Ordovician Recharge area 
meta- partially cleared. 
severe erosion sediments Some regrowth. A 
hazard major incidence. 
3 Denbeigh 1930 1973 14 12ha yes some some yes some mostly 680 dysol. Ordovician Settled 1840. 
Grove meta- Woodland 
severe erosion sediments vegetation. All 
' 
hazard cleared. Some area 
treated. 
4 Bevendale4 1953 extending 2 2ha yes no yes yes no yes 680 dyyel. Ordovician Significant 
meta- development 1963-
degrading sediments 1973. Degraded 
native pasture. 
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SITE LOCATION INITIAL SALINfIY MAXIMUM SALINITY DISCHARGE SITE RECHARGE AREA ANNUAL SOILS GEOLOGY REMARKS 
!UMBER NAME OUTBREAK MAXIMA SALINE FINAL PRIOR LAND USE PRIOR LAND USE RAINFALL 
Approx Approx AREA OBSERV- MM 
Date Date ha ATIONS1986 deared cropped gnu.eel deared cropped gnu.eel 
5 Bevendale5 1944 1963 8 2ba yes no yes yes no yes 680 dyyel. Ordovician Significant 
meta- regeneration since 
regenerating sediments 1963. Pasture 
improvement and 
improved 
management. 
lye Park - Rugby - Upper Lachlan River Catchment 
6 Gorhams 1953 1973 7 4ha yes yes no yes yes yes 645 dysol. Ordovician Regular cropping 
meta- 1940s. Salinity 
treated stable sediments developed 1953- : 
1962. Still an erosion 
- risk 
7 RCollins 1944 extending 20 20ha yes no yes yes no yes 645 dy2 Ordovician Severely eroded and 
sol. meta- degraded areas. 
severe erosion sediments Erosion very active. 
' haz.ard 
8 Begalia 1944 1963 20 Sha yes possibly yes yes no yes 640 dy2 Silurian Site treat.ed. Subject of 
sol. sediments research. Some 
treated, some regeneration in area 
regeneration since 1973. 
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srrE LOCATION INITIAL SALINITY MAXIMUM SALINITY DISCHARGE srrE RECHARGE AREA ANNUAL SOILS GEOLOGY REMARKS 
UMBER NAME OUTBREAK MAXIMA SALINE FINAL PRIOR LAND USE PRIOR LAND USE RAINFALL 
Approx Approx AREA OBSERV- MM 
Date . Date ha ATIONS1986 cleared cropped grued cleared cropped grued 
oorowa - Boorowa River Sub-catchment - Upper Lachlan Catchment i 
I 
9 Clark 1918-1920 1962 6 Oba yes probable yes yes some yes 614 dy3 Silurian Complere regeneration 
"Hillrose" yel. volcanic from 1973-1982 in ~ 
. regenerated by ,. and responsetlJ improved 
1982 sediments 111Al~and 
salinity abatement 
program. 
inda - Crookwell River Sub-catchment - Upper Lachlan Catchment 
10 Kenilworth 1957 1963 14 14 ha yes no yes yes no yes 750 dy2 Ordovician Treated - Soil I ! 
Site 1 sol. meta- Conservation ! 
vecyhigh sediments Works. Poor 
erosion hazard response. Remains 
vecy high erosion 
hazard. ,. 
11 Kenilworth 1944 1963 18 18 ha yes no yes yes no yes 750 dy2 Ordovician little response to 
I 
Site2 sol. meta- extemive trealmeDt. 
severe erosion sediments Severe erosion haz.arcl. 
hazard 
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SITE LOCATION INITIAL SALlNl1Y MAXIMUM SALlNl1Y DISCHARGE SITE RECHARGE AREA ANNUAL SOILS GEOLOGY REMARKS 
!UMBER NAME OUfBREAK MAXIMA SALINE FINAL PRIOR LAND USE PRIOR LAND USE RAINFAIL 
Approx Approx AREA OBSERV- MM 
Date Date ha ATIONSJ.986 cleared cropped gnmd cleared cropped gnmd 
ass River Sub-catchment - Upper Murrumbidgee Catchment 
12 Dicks Creek 1930s? 1952 4 4ba yes no yes yes no yes 625 dy2 Ordovician Well known site, 
regrowth yel. meta- subject of much 
severe erosion sediments research. Extension 
--
hazard by erosion in recent 
; 
decades. Regrowth 
j 
in catchment. 
13 Williams 1950 1983 32 32ha yes possibly yes mostly no yes 625 dy2 Ordovician Extfmive salinity 
Creek yel. meta- development 1950-
severe erosion sediments 1973. Responding1D 
hazard recent trealmmt. 
14 Walmsley 1900 1967 7 7ha yes yes yes no some yes 650 dy2 Ordovician Denuded recharge 
"Glencoe" yel. meta- area - native pasture. 
extreme erosion sediments Erosion very active. 
' 
hazard Works on site 1996. 
' 
'arago - Crisps Creek Sub-catchment - Upper Warragamba Catchment 
15 Crisps Creek before 1941 1967 50 Sha yes no yes yes no yes 654 dr3 Cainozoic Areas treated and good 
Sub- dy3 deposits response 1D changes in 
catchment good managmient. Now 
regeneration largely stable but could 
redevelop. 
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SITE LOCATION INITIAL SALINITY MAXIMUM SALINITY DISCHARGE SITE RECHARGE AREA ANNUAL son..s GEOLOGY REMARKS 
UMBER NAME OUTBREAK MAXIMA SALINE FINAL PRIOR LAND USE PRIOR LAND USE RAINFALL 
Approx Approx AREA OBSERV- MM 
Date Date ha ATIONS1986 cleared cropped gnmd cleared cropped gnmd 
pper Shoalhaven Catchment 
16 Yarralaw 1953 or 1956? 1962 5 Sha yes no yes yes no yes 688 dy2 Ordovician Degraded native 
dy3 and Silurian pasture. Total of 
severe erosion sol sediments 18-20.ha. Salinity 
' ~ in genentl area. 
' 
17 ''Inverary 1941 extending 2 2ha yes no yes yes some yes 688 dy2 Ordovician Land granted 1822. 
Parle" sol. and silurian Cropping over 
Bungonia active erosion sediments overlying basaltic soils. 
Land care program 
1994- : 
18 "Mill ended before 1941 active 50-60 40ha yes some yes yes no yes 688 dy3 Cainozoic Extensive 
Springs" sol. and rehabilitation 
LowerBoro salinity and ordovician program 1990. Still 
erosion meta- badly affected by 
' 
sediments salinity and erosion. 
' 
Future management 
critical. 
19 "Little Burney before 1941 active 8 6ha yes no yes yes no yes 719 dy3 Ordovician Rehabilitation 
Forest" meta- program 1990 but 
Braidwood high erosion sediments future management 
hazard critical. 
fote 1: Soils - Northcote classification 
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4. Conclusions From Case Studies 
In this chapter, conclusions from the dryland salinity case studies in the South-East 
Region of NSW relating to the general nature of dryland salinity occurrence, the 
factors associated with its development, the potential for its further expansion within 
the region, and measures for its mitigation, are considered. 
4.1 The Geographic Occurrence of Dryland Salinity in the Region. 
The case studies showed scattered salinity outbreaks in the headwaters of all the 
principal catchments, the Lachlan, Murrumbidgee, Shoalhaven and Warragamba 
catchments, in the north of the region. While some of the worst affected sites 
occurred in the catchments east of the Great Dividing Range, outbreaks were more 
numerous west of the range in the inland catchments. All of the sites in the upper 
Murrumbidgee catchment were in the Y ass River sub-catchment. 
The upper Shoalhaven catchment case studies covered a number of very severe 
isolated outbreaks of salinity, some of which were, in terms of the total ar~a affected, 
the most extensive in the region. The most severe dry land salinity in the upper 
W arragamba catchment odcurred in the Crisps Creek sub-catchment. Much of this 
salinity has now been successfully rehabilitated. 
Dryland salinity is much more widespread in the inland catchments, and the potential 
for expansion of the problem appears much greater in these catchments. However, 
there has been little extension of the problem in the last two decades, and no 
evidence that spread is of a generally progressive nature. 
Individual·outbreaks varied in size from 2 to 20 ha at their maximum extent; but with 
up to 50 to 60 ha, in total, being affected by salinity across two of the largest sites. 
One of the latter areas has responded effectively to treatment, with only minor 
patches of scald now being evident. The total overall area affected by salinity across 
the region is small. Most sites are long standing, and the saline scalded area on the 
majority of them reached its maximum extent by the early 1960s or 1970s. Within 
the north-west section of the region, no more than 0.5 percent of the total area is 
actually affected by salinity but greater concentrations occur in some areas such as 
parts of the Yass Valley, with a maximum of 7 percent of one sub-catchment 
affected. 
4.2 Chronology of Salinity Development 
The oldest known outbreak of salinity in the region dates back to the 1880-1900 · 
period. Most of the case study properties have a long history of European land use. 
One property was the first land taken up and cultivated in the 'New Country' in 1822. 
Dryland salinity was recognised by landholders as a potential problem as early as 
1900. Concern was expressed about its development and advice sought on its 
treatment, in the 1920s and the 1930s. Significant occurrences had developed prior to 
the first air photos observations in the period 1941-44. Some of the current, most 
severely affected sites had developed before that time such as Dick's Creek and 
Walmsley's in the Yass Valley. Fourteen of nineteen sites showed some salinity 
development at first observation in 1941-44, with five of these sites being 
significantly affected. 
From the 1950s until the early 1960s, there was a period of marked salinity 
expansion, with some of the most severe outbreaks developing at this time, together 
with significant extension of some of the existing sites. No new outbreaks were 
recorded after this period. The saline scald on eight of these sites reached its . 
maximum extent by the early 1960s. Another six sites showed further marginal 
development up until the 1973 air photo observations. Five sites showed extension of 
the salinised area at the final observations in 1986. Although five of the sites .had 
been largely stabilised by mitigation programmes, fourteen were still degrading; 
principally by erosion. While salinity appears to reach its spatial limits soon after the 
initial outbreak, further spread of land degradation by erosion is likely to continue. 
From observations across the region. in conjunction with the above case studies, no 
new significant outbreaks of salinity. identified as degraded to denuded surfaces, 
were observed to occur within the last decade. New outbreaks, particularly around 
Boorowa, ,have been claimed, but the only new outbreaks observed in this study were 
minor occurrences of discontinuous saline patches, in conjunction with the growth of 
some salt tolerant species. An examination of the· aerial photography of the area 
around Boorowa from 1963 to 1989. generally shows little change in the incidence of 
dryland salinity. In some cases there has been some regeneration over the period. 
4.3 Nature ofDryland Salinity Outbreaks 
These case studies show that dryland salinity development appears to be best 
described as being episodic in character, with recognised periods of outbreaks. The 
best documented of these is the period from the 1950s to early 1960s when 
synchronous outbreaks were found to occur widely across the region. This study 
. found no evidence of any progressive development. either spatially or tempontlly. 
4.4 Rainfall and Salinity Development 
Under the Mediterranean type climate in south-eastern Australia, it has been . 
gproposed that dryland seepage salinity occurs in areas with an annual rainfall of 
400-800 mm per annum in NSW (Hamiliton,1972). Cope (1958) found in Victoria 
that the main incidence was in 500-750 mm annual rainfall zone. The minimum 
annual rainfall for the south-east region is approximately 600 mm. All the case study 
\ sites occurred within a 600-750 mm rainfall band, with the majority of sites within 
I 
areas with 650-700 mm annual rainfall (10). Only three sites occurred at higher . 
rainfalls (700-750 mm), whilst the remaining six occurred in the 600.:.650 mm annual 
rainfall zone. 
The changing patterns of rainfall and seasonal weather conditions in conjunction with 
land use and management appear to have also had a major influence on dryland 
salinity development. Annual rainfall ha8 generally been greater than the long-term 
average since the late 1940s (Bradd and Gates, 1993, Nicoll and Scown, 1993). 
However rainfall fluctuations within this markedly wetter period, appear to have been 
of more significance in salinity development than the mean rainfall over the period 
as a whole. Periods of two to three wet years followed by a return to drier conditions, 
appeared to accentuate salinity problems, resulting in patterns of episodic outbreaks 
as recognised by a number of the early workers. In some instances, prolonged 
periods of above average rainfall appeared to encourage regeneration of affected 
sites, but this appears to be influenced by the different conditions of management. 
Minor seasonal responses to rainfall conditions and soil moisture changes were also 
observed in the case studies. Management practices can modify such rainfall effects. 
The case studies show significant salinity development, or a significant expansion of 
existing outbreaks, in conjunction with, or subsequent to the wet periods of 1949-
1952 and 1958-1963. The steeply rising arm of the residual mass curve of rainfall, 
Fig. 2.3 (Bradd & Gates, 1993) coincides with these two periods; and the curve also 
· also indicates the more prolonged wetter period of the early 1970s, when some 
regeneration was observed. 
Wagner's wider study (1986) showed significant salinity expansion in conjunction 
with the above two rainfall periods, and van Dijk (1969) associated serious salinity 
development in the Yass Valley with a combination of weather factors, involving a 
two-phase weather requirement of a wet and a dry period. Similiarly Cope (1958) 
noted that salinity spread tendered to be spasmodic and correlated with wet years. 
Bullock (1989) associated salinity development on the 'Yarralaw' case study site 
with similiar rainfall phenomena. Landholders in the study area consistently associate 
salinity outbreaks with periods of wet years. 
It is concluded that patterns of rainfall have been a principal factor influencing the 
episodic nature of the salinity outbreaks that have occurred in the region. It also 
indicates that they may present favourable periods for regeneration under different . 
conditions of management. 
4.5 Landform and Salinity 
Figs. 3.6 & 3.7 at a broader scale, although they exaggerate the size of the individual 
saline site (Emery pers. comm, 1993), show the control by landform on the 
occurrence of dryland salinity within the region. 
Most salinity outbreaks occurred on seepage discharge areas at low points in the 
local landscape. The landform elements generally affected by dryland salinity are low 
footslopes and drainage depressions and small floodplains adjacent to watercourses 
with 2-3% slope, or less. Steeper footslopes and side slopes with slopes up to 5 % 
were sometimes affected, and there was one site where salinity had almost extended 
to the top of its catchment with slopes up to 6% affected. In the Bevendale area, 
salinity shows a pattern of occurrence more associated with parallel watercourses 
running down a relatively homogeneous land surface with salinity confined more 
closely to the watercourses themselves rather than individual footslopes being 
affected. As a result it has a more uniform and consistent pattern of occurrence. 
In the Y ass Valley with a more fragmented landscape and dendritic drainage patterns, 
occurrences appear more associated with perched basin situations, identified by van 
Dijk (1959). These have low footslopes and drainage depressions more generally 
affected. Other small hillside outbreaks, associated with shallow sedimentary rock 
outcrops, also occur. On the Bungonia site in the Shoalhaven catchment salinity 
occurs on low sideslopes over Ordovician sediments, beneath a Basaltic capping. 
Salinity was generally restricted to the seepage discharge zones as represented by the 
above landscape elements, and there was no progressive spread across the landscape 
as a whole. The extent of the seepage zone within drainage basins, imposes a limit on 
the size of the saline area produced, and thus an overall limit to salinity spread in 
these situations (Cope 1958). It was found that some sites, after initial rapid. 
development of the saline area, showed no further extension. On footslopes their 
upper limit often coincided with a seepage line, approximating the contour. 
The assumption is frequently made that landscape elements, such as watercourses 
and other low-lying areas which show seasonal wetness and carry a cover of higher 
water-demanding plants or salt-tolerant species, are potential saline areas. This often 
leads to an overestimation of the potential spread of salinity. This is the normal. 
function of such landscape elements, and is not necessarily an indication of salinity · 
or potential salinisation. 
4.6 Soils 
Soils on all case study saline sites examined were yellow duplex soloth, solodie or 
solonetzic soils. Most had a Northcote classification ofDy2 and Dy3, and identified 
by Northcote and Skene (1972), as non-alkaline sodic duplex soils. There were minor 
occurrences of Northcote Dr3 and Db3 soils in conjunction with these classes. Sodic 
conditions with poor drainage and impervious subsoil 'B' horizons are a feature of 
the soils on the most widespread and severely scalded areas. The catena sequences 
and the largely impervious 'B' horizons associated with these soils are conducive to 
lateral downslope seepage within the soil profile, or 'throughflow', leading tq the 
concentration of water and dissolved salts and salinity at lower levels in the 
landscape. Seasonal waterlogging and lateral downslope seepage, was observed on 
most sites. 
Soil salinity measurements were available for two case study sites, Sites 9 & 10, and 
these both showed very high salt concentrations in surface horizons on scalded areas, : 
particularly in the top 100 mm, with 45 dS/m being measured at Site 10. Frequently . 
the greatest concentrations were measured in the top 0-10 mm, or, in effect, at the 
soil surface itself. Salt concentrations reduced very significantly down the profile, 
and appeared to level out at the 0.5 to 0.9m level; the maximum depth of sampling, 
(Soil Conservation Service of NSW, unpublished reports, 1968). Most severely 
affected case study sites had high surface salt concentrations during the summer-
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autumn period. Another case study site, Site 16, showed that most profiles on 
seepage scalds showed significantly higher salt concentrations in the A horizon 
compared to the B horizon. The infiltration rates and hydraulic conductivities were 
also greatly reduced on scalds compared to adjacent grassland at this site 
(Bullock, 1989). 
Little evidence was seen of significant salinity occurring on other soil types· within 
the region. Where salinity occurred, this was usually of a minor nature, and showed 
more capacity to regenerate under favourable conditions. This appears related to their 
greater permeability down the profile and greater infiltration capacities. of these soils. 
Soil type could be a principal limiting factor to the ultimate spread of dryland . 
salinity, as suggested by Cope (1958). 
Varying hypotheses have been put forward on the source of parent material 
associated with salinity development. The affected soils are non-alkaline sodic 
duplex soils. This seems to be indicative of the role of climate in soil formation, and 
subsequent salinisation. 
4. 7 Groundwater Sources 
. Cope (1958) proposed that the impervious 'B' horizon in the above soil groups not 
only prevents the downward leaching of salt, but also restricts or prevents the upward 
movement of deep groundwater. He believed soluble salts from cyclic accessions, 
stored in the upper 'A' horizons, were mobilised by surplus recharge from rainwater, 
and transported downslope above the impervious 'B' horizon. van Dijk (1969) 
proposed a similiar mechanism for the most severely salt affected sites in the Y ass 
Valley. However, Holmes (1979) concluded that there must be some upward seepage 
through such clay layers from a rising groundwater pressure, given sufficient time 
and increasing hydraulic head. Other significant forms ofleakages, such as 
preferential flow paths, may occur. Acworth & Jankowski (1993), have produced a 
model where groundwater discharge through salt-rich debris flow deposits are the 
main cause of the observed salinity in the Yass Valley. The reasonably rapid outbreak 
of salinity following the wet years in the 1950s would suggest that lateral downslope 
movement was important. Regional groundwater systems should have a longer 
response time. 
The hypothesis, that dryland salinity principally occurs within the soil profile and is 
related to shallow or perched watertables, implies that salinity is largely episodic in 
nature, its spread being limited in space and time, localised in its development,· and 
consequently more responsive to localised measures for its mitigation. If salinity is 
due to rising deep groundwater systems then it is progressive in its spread, and 
largely only responsive to measures on a regional scale (W alk:er, 1997). It also may 
require a considerable time scale before outbreaks occur. Equally, it may require a . 
considerable time scale before measures applied become effeetive. Following a. 
number of dry seasons, watertable levels have now declined. What this may mean for 
recent projections made previously is unresolved. 
In a significant number of cases, sites have responded to reclamation measures 
capable of impacting only on the root zone of pastures and the immediate local 
groundwater. The situation is of course confused by the seasonal and annual rainfall 
patterns. Under the wet winter conditions that normally prevail in the region, the 
whole countryside is wetted up with possibly recharging of both perched watertables 
and deep groundwater systems. With a succession of abnormally wet years, it would 
be difficult to differentiate between the influence of the different systems in many 
instances. The rapid outbreak of salinity and the effective response to localised 
measures, often of a short term nature, suggests that localised groundwater systems 
have a major influence on salinity development in this region. 
4.8 Geology 
Sixteen of the nineteen case study sites examined occur over weathered Ordovician 
sediments (or metasediments ), the most common geology in the area. The remainder 
occur over Silurian and Cainozoic sedimentary materials. The soils that occur over . . 
th~se sediments are sodic duplex soils, "and these were the only soils found in the case 
. studies, to be affected by dryland salinity. 
Ordovician metasediments, and the soils formed on them, appear to present the 
greatest hazard for dryland salinity development. If salinity development was largely 
limited to such geology, this in itself, would reduce the propensity for progressive 
spread. However there is also the common factor of soil type. Even where salinity 
was observed on Silurian volcanics at Boorowa, the soils in the lower levels where 
the outbreak occurred, were solodics, Northcote Dy3. 
4.9 Salinity and Erosion. 
The development of dryland salinity preceded the development of erosion in most 
situations, contrary to Bullock's (1989) suggestion that erosion may have preceded 
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salinity. Concentration of salts in surface horizons result in the denudation of ground 
cover, and the breakdown of soil structure, rendering the soil highly susceptible to . 
sheet erosion, which may occur almost simultaneously with salting, followed by gully 
erosion. Most case study sites showed severe sheet and gully erosion, and remained ·a · 
severe erosion hazard at the end of the period of observation. Even though the initial 
degradation by salinity may be limited in extent, the subsequent erosion often 
affected a much wider area. It must be noted however, that most of the widespread 
erosion that has occurred in the region is not associated with salinity. Data also show. 
that reclamation is most difficult I least effective where erosion is worse. 
4.10 Vegetation and Salinity . 
. The original vegetation on the recharge areas of most case study sites varied from, a 
generally dense cover of dry sclerophyll forest at higher levels in the landscape, to an 
open woodland with grass understory at lower levels. Much of this was cleared early 
in the history of European settlement. Local accounts indicate that much of the final 
clearing was undertaken about 1910. Salinity began to develop below some of these 
areas in the 1930's, suggesting a "lag" period of20-30 years between clearing and 
salinity development. As shown by the case studies, many other areas cleared for an 
equally long period did not develop salinity until the l950's, at which time 
simultaneous outbreaks occurred widely across the part of the region prone to 
salinity. Most lands with a similiar history of clearing did not become saline at all. 
With almost 90 percent of the above part of the region cleared, less than 0.5 percent 
of it is currently affected by salinity. In one case study site, and as observed by van 
Dijk (1959), salinity may occur below, or within heavily timbered areas. This 
appeared a rare occurrence. The local recharge areas of most case study sites had 
been cleared prior to salinity development, and carried a poor cover of degraded 
native pasture, subjected to continuous grazing. 
It seems that other extrinsic factors may dominate over any concept of hydrologic 
' 
'lag' as to when salinity may actually occur. Annual rainfall patterns appear to play a 
dominant role. This does not mean that clearing oflocal recharge areas, or clearing 
on a regional scale, could not predispose areas to synchronous salinity development. · 
It seems also that a certain 'minimum lag' time could be expected between clearing, 
and any subsequent development of salinity. Conacher (1983) estimated a time as 
short as 5-7 years in Western Australia; and a number of others have suggested a 
period of 5-10 years. 
The mitigating effects of tree planting or tree regeneration on salinity, may only be 
apparent after a comparable lag. It is suggested that because trees can only extract 
soil water from a few metres laterally from their trunks, to be effective there must be 
a certain density of trees, with a high proportion of the recharge area planted (Walker 
et al 1993). In one case study, where there was very significant tree regeneration oh a 
previously cleared recharge area, salinity development still continued, despite tree 
regeneration greater than most normal planting densities. More time may be needed 
before they could achieve any mitigating effect, or they may need to be a wider area 
planted to trees. Also the area was being continuously overgrazed. Tree planting 
represents a long- term measure in salinity abatement; to be used in conjunction with 
other shorter term measures. 
4.11 Land Use and Management and Salinity. 
Localised climate, landscape attributes, and land use and management appear to 
dominate over regional factors as to where salinity will develop in the landscape in 
the study region. Salinity outbreaks were mostly scattered, and often isolated. 
Measures, often limited to a single property, or to a small localised recharge area, 
have been successful in rehabilitating salinity problems. 
Recharge Areas. The local recharge areas to most sites had originally been cleared. 
Prior to salinity development they carried a poor cover of native pasture, frequently 
being overgrazed with sheep on a set stocking basis. Little opportunity for utilising 
seasonal soil moisture recharge existed under such systems, with seepages and 
seasonal wetness a feature in lower levels in the landscape. By contrast on the sites 
where rehabilitation has been achieved, where improved pastures have been sown 
and improved grazing management practices introduced, there is much better use of 
soil moisture by pastures and a drying out of the landscape. This is particularly 
evident where deep-rooted perennial pastures, frequently with Phalaris spp. as a 
main component, have been grown. It is anticipated that recent tree planting will re-
enforce this situation. 
Discharge Areas. Past land use and management on the discharge sites, or potential 
saline areas, appear to be major factors in salinity initiation. Denudation of these 
areas either by cropping or grazing permits greater direct soil evaporation, and the 
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concentration of salts in surface horizons. Almost half of the case study sites had 
been cropped at sometime prior to salinity development. Most of the rest had been · 
denuded of ground cover by injudicious grazing management. In a number of cases, 
salinity outbreaks followed very soon after cropping ceased, and quickly reached · 
serious proportions. Most frequently, its spread was limited to the area formerly 
cultivated, but wider degradation by erosion followed in some cases. Adjacent · 
discharge areas with a common recharge zone, but themselves under better 
mariagement, either did not become saline. or showed more capacity to regenerate 
where salinity occurred. The Bevendale sites examplified this. 
General. On all the case study sites there was a strong link between local land use 
and management and salinity development. The subsequent grazing management· 
following clearing, more so than the original clearing itself, appeared to be a 
principal factor in predisposing some areas to salinity. This accords with experience 
in other parts ofNSW (Nicholson and Seis, 1993). It was also shown that 
reclamation was highly dependent on improved management, particularly 
groundcover management. 
4.12 Mitigation of Salinity 
The difficulty of reversing the degradation caused by dryland salinity cannot be 
underestimated. However, there are examples in a limited number of the case studies 
where abatement of the salinity problem had been achieved by individual 
landholders, or by Government action. In two particular cases the landholders had 
broader objectives that simply controlling salinity. The central objective was to 
develop more productive and sustainable farming systems on their properties . 
. •~j Improved practices introduced were also complementary to overcoming other land 
degradation problems occurring in conjunction with salinity. It was accepted that 
such problems could not be treated in isolation. Although a long-term approach was 
taken to management, it was shown that shorter term measures and changes in land 
use and management practices can be effective in the short term in mitigating salinity 
and reversing the degradation brought about by salinity. 
In contrast to the above, some of the State Government funded programs, where large · 
amounts of money have been spent on a single property, as covered in the case 
studies, do not appear to be assured oflong term success. This is largely due to 
inadequate provision for sound long-term management. 
At some other sites in the region, very committed efforts by landholders to mitigate 
salinity failed, or met with very little success. While their efforts may have been 
misdirected, it indicates the need for the further development of more effective 
measures and strategies for the mitigation of the problem. 
The success, where achieved by the above landholders, was accomplished by 
working alone at the local property level within their own budget constraints, without · 
the support of wider regional programs or other regional initiatives. They 8.lso reflect . 
on what appears to be the localised nature of the problem. The belief, that only 
regional initiatives. principally involving massive tree planting, will solve Wyland 
.salinity problems, appears to require re-examination. Whilst regional programs may· 
· be necessary, the successful case study examples show that farmers should not 
become inhibited, or apathetic, about what they may be able to achieve in their own · 
individual situation (Pannell et al. 1999). 
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5 DEVELOPMENT OF SALINITY ABATEMENT 
PROGRAMS 
Aspects ofland use and management, and the factors associated with the 
development of salinity abatement programs are now examined in the light of the· 
findings of this study. 
S.1 Vegetation Management and Salinity Abatement. 
Dyson (1989) observed that: 
The cause of salinity is, thus, not the removal of native forests, but the· 
failure of land management practices to achieve a hydrological 
equilibrium, equivalent to that which prevailed before agricultural 
development. 
Dyson's (1989) statement notes the hypothesis of a dominance of native forest 
vegetation as maintaining a hydrological equilibrium prior to European settlement. 
This thesis and recent research (Jones, 2001) challenges this hypothesis and considers. 
that there has been a misleading emphasis on the loss of trees, and insufficient · 
awareness of the effects of the loss of permanent ground cover, principally in the 
. form of native perennial grasses, on catchment hydrology and the development of 
dryland salinity. Jones considers that the widely accepted landscape recharge-· 
discharge model is fundamentally flawed, and it is more important to restore 
permanent grass ground cover in upper recharge areas, as well as in lower recharge-
discharge zones. The concept of an hydrological equilibrium prior to European 
settlement has also been challenged (Nathan, 2000). Most case study sites in this 
study originally carried a vegetation varying from dry sclerophyll forest to open 
woodland. Following early clearing of this vegetation, and prior to salinity 
development, as a result of continuous grazing they generally carried a poor ground 
cover of degraded native pasture. It was the restoration of this ground cover, both on 
recharge and discharge areas, that appeared to be a principal factor in the 
rehabilitation of some of the saline affected areas. 
Based on the 'prior dominance of native forests' hypothesis, the objective of many 
salinity abatement programs is to develop high water use systems for catchments as a 
means of reducing recharge to groundwater. To achieve this, significant changes in 
land use have been proposed. Tree plantings of up to 70 percent of some catchments 
have been suggested (Hatton pers.comm. 1998). A figure of30-50 percent is 
currently being proposed for the Murray-Darling Basin (CSIRO 1996 - see below). In 
such proposals no information is provided on how programs on such a scale might be 
developed, or the institutional arrangements for their implementation. Also no 
information is provided on the possible implications for landholders involved in such 
programs, or the sotjal and economic consequences. Generally it is assumed in such 
proposals, that until such programs can be put into effect, and yield their benefits, 
salinity must inevitably get worse. 
Currently, at the smaller scale local level, where groups such as Landcare groups 
operate, the strategy for reducing recharge has generally been one of 'best bet' 
options with more feasible strategies and goals, principally involving such vegetative 
measures as smaller scale tree planting, sowing of deep-rooted perennial pasture, the 
preservation and better management of any existing native pastures, and improved 
cropping and grazing management practices. For the present, it seems that activities 
across the principal catchments will proceed on an 'ad hoc' basis, dependent on the 
willingness oflocal groups to support programs, and without any integration into an 
overall strategy. From the viewpoint of those above who advocate large scale tree 
planting, such local programs are inadequate to meet the situation, and only deal with 
symptoms, not causes. 
One perspective on recharge and salinisation (L WRRDC, 1997) is that it is a 
reflection of the reduction in the leaf area index (LAI) caused by changes in 
vegetation or management' practices. It follows that salinisation can be reversed, and 
the symptoms of salinisation dealt with, by increasing the leaf area index. The 
problems are: how much should the LAI be increased, where and by how much 
vegetation cover should be increased, and what are the time scales involved in 
achieving effective results under different catchment conditions? Many authors view 
'vegetation' simply in terms of trees. In this study a wider concept of the LAI'is 
adopted to include ground cover plants, as well as trees. This presents a more 
complex situation, particularly in terms of managing the ground cover element to 
maintain certain levels of LAI under varying seasonal conditions in the 
Mediterranean type climate of south-eastern Australia. Recharge largely occurs under 
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cold winter conditions, too cold for vigorous ground cover growth, resulting in soil 
moisture excess and recharge. Trees represent the more permanent element for using 
such recharge. 
Jones (2001) considers that much better results can be achieved by 
increasing/restoring the water holding capacity of our soils, and. not by higher water 
use systems based on trees and introduced grasses. She proposes changes in grazing 
management to achieve this, with an intermittent grazing regime, as opposed to 
continuous grazing. Trials have also indicated that the exclusion from grazing, can · 
improve soil physical properties and soil moisture conditions. A recent trial 
, (Greenwood, 1998) showed that when animals are removed, soil physical conditions 
. can improve within 2.5 years with the ungrazed treatment usually wetter, probably 
because of greater litter and plant biomass, reducing direct evaporation from the soil 
surface. Grazing management should aim to maintain a vigorous pasture, one with a 
high LAI, which will also accomplish the secondary aim of maintaining desirable. 
soil physical conditions. 
Reduced LAI on grazing lands does not only mean that there is increased losses to 
deep drainage, but also that there is greater opportunity.for water loss from direct 
. evaporation, with greater concentration of salts to toxic levels in surface horizons. 
With evapotranspiration any salt build up occurs lower in the profile and is more 
distributed. In addition better ground cover conditions and enhanced soil physical 
properties also permit better infiltration with increased opportunity for salts to be 
redistributed down the profile. 
This study shows that short-term on-site measures to improve vegetative cover 
(usually ground cover) on the affected sites, and the regeneration of ground cover 
vegetation in the more immediately adjacent recharge areas can be effective in site 
reclamation, within the space of a few years. Much depends however on site 
characteristics and conditions, and the degree of salinisation and degradation. 
A number oflandholders in areas prone to salinity within the region, who do not have 
salinity on their own properties, consider that it is due to good grazing management, 
and likewise consider salinity on adjacent properties as being due to poor 
management, mostly overstocking. While this is not altogether valid, it is evident 
that salinity mitigation not only requires revegetation of trees in catchments with an 
increased LAI, but revitalisation and good management of pastures and ground cover 
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species to achieve a maximisation of LAI across grazing areas, over a range of 
landscape and seasonal conditions. With approximately 90 percent of the region 
currently cleared for grazing it is imperative that such measures be adopted as widely 
as possible. However, as seen from the case studies, to achieve and maintain the 
desirable levels of ground cover may require astute management. 
5.1.1 Trees 
The role of tree clearing and its impact on regional groundwater systems and 
subsequent salinity development has dominated much of the discussion on dry land 
salinity in recent years (Commonwealth Government of Australia, 2000). A recent 
joint initiative by the ACFINNF (2000) proposed that $6.5 billion of public and 
private funds should be spent annually over the next ten years to redress conservation 
problems in Australia, with approximately 75 percent of this being spent on tree 
planting over 25 million hectares, principally aimed at salinity management. 
The proposed target area for replanting of trees within the Murray-Darling Basin 
covers all of the area of this study falling within the Basin. This is based on a CSIRO 
study (1996), in a confidential report prepared for the Murray-Darling Basin on tree 
planting across the Basin, and is not publicly available. However its author {T. 
Hatton, pers. comm. 21December1998) advises that he proposed that 30-50 percent 
of the uplands in the Basin, falling within the 500-900mm annual rainfall band, 
should be planted to trees. He stated that recharge in the upland catchments of the 
Murray- Darling basin is very episodic in nature; and that it was hard to see a genuine 
agriculture that does not contain deep-rooted perennials. Private corporations look for 
areas with greater than 800mm annual rainfall for commercial forestry plantings. 
Rainfall below 700mm would not be economically attractive. While not disclosing 
the contents of the above study, the Murray-Darling Basin Commission advises (J. 
Powell, pers. comm. 21 December 1998) that the study was based on very limited 
modelling in one small catchment. The Murray-Darling Basin Commission is now 
putting together more detailed models of the hydrogeology in salinised catchments in 
the Basin. These models should enable them to 'fine-tune' the location of areas and 
densities of trees needed to manage salinity. It was understood from Hatton (ibid) 
that the study was concerned with problems of rising groundwater and salinity across 
the Murray-Darling Basin as a whole. As he saw it, it could be hundreds of years 
before such tree plantings could bring about benefits in some landscapes, such as the 
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Riverine Plain. The models used rely on the single measure of restoring trees for 
recharge control. 
Powell (1992) on a very much smaller scale, used data extrapolated from small-scale 
research projects in Victoria (Clifton, 1992) involving water use in eucalypts, to 
·suggests comparable levels of tree plantings in_ parts of the Boorowa River . 
catchment, with average levels of plantings across the catchment of 20 percent. 
Plantings on such a scale were seen by Powell as being beyond the resources ·of the 
local rural community. Within the South-East Region, strategic tree planting has been 
· proposed, and is being used in programs for the rehabilitation of individual sites, or 
as part of a sub-catchment plan, such as at Boorowa. While some of these have been 
successful, others such as the Y ass Valley have failed, with high tree mortalities and 
little effective site rehabilitation achieved. 
Under the regional recharge model, groundwater movement is vertically downward, 
and to be effective trees must cover over 50 percent of the landscape. Soil water may 
move laterally, particularly in the study region. Under undisturbed conditions 
different tree species take advantage of such situations to find their own particular 
niche in the landscape. In small scale revegetation programs for salinity control, 
strategic tree plantings are made in an endeavour to intercept such likely lateral 
recharge pathways. Such a blanket approach may not be necessary. 
Considerable areas within the South-East Region prior to European settlement 
carried no tree cover or were only lightly wooded with grass understorey (Ryan et al. 
1996). Other areas were more densely wooded or carried a thick forest cover varying 
from dry sclerophyll forest and scrub growth, to limited areas of wet sclerophyll . 
forest in the higher rainfall sections. At the local level, tree clearing has had its 
impact on salinity development with most salinity outbreaks being associated with 
extensively cleared or completely cleared sub-catchments. However, such impact 
cannot be readily seperated from the impact of other aspects of management 
subsequent to clearing, such as grazing management. 
It was noted here that on sites where significant regeneration of saline areas had been 
achieved. there had been no improvement in tree cover over the associated recharge 
areas. the principal improvement being in ground cover. This is not to say that 
improved tree cover may not have enhanced regeneration, or ensured greater 
permanency in rehabilitation programs and reduced the potential for further salinity 
! . 
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development. However, there were examples in this work where even good natural 
tree regeneration in recharge areas had not produced regeneration of associated . 
saline discharge areas. In such cases, there were often other undesirable management . 
practices associated with the problem, such as continuous overgrazing .. This indicates 
a more comprehensive approach is needed for mitigation. Once saline outbreaks have 
developed trees alone may not be expected to achieve rehabilitation. If salinity is an 
episodic phenomenon as suggested here for the South-East region, the principal· 
moderating effects of trees may be to reduce the propensity for such events to occur. 
Some recharge areas in the Boorowa River sub-catchment and the Yass River.Valley, 
where it is recommended that cropping be replaced with perennial pasture and 
relatively high densities of tree planting, are areas of favourable soil and topography, 
where a marked increase in cropping has occurred in recent years. Cropping systems 
being developed are generally based on sound cultivational and rotational practices . 
with high· crop yields being achieved and enhanced capacity to use soil moisture. 
Landholders report improvement in their soils under such systems, with improved 
water retention capacities. On a seasonal basis their main concern is sufficient soil 
water to meet crop water needs in the following phase of the rotation; and not on any 
potential losses to deep drainage. 
Some of the above soils such as on the Y ass Plain, the Barton Highway recharge area 
(Nicoll and Scown, 1993), are up to 10 m deep with high water storage capacity. This 
is part of a naturally treeless area, and while with good husbandry exotic tree species 
can be readily established, very little success has been achieved with the growing of 
native species. 
Except for seasonal fluctuations around a mean, landholders consider that there has 
been very little change in groundwater bore levels over the last 30-40 years. 
However, since the winter of 1997 to late Autumn 1998, there has been a significant 
drop in most levels, 0.4 to 2.0 m, with maximum drops of approximately 5 metres 
being observed (Appendix 1). Many of the landholders concerned belong to the 'Top 
.Crop' program sponsored by the NSW Department of Agriculture, and whilst most of . 
. them are planting more trees, they consider that their current land use systems are the 
most desirable for the area, both environmentally and economically. Most land not 
used for cropping is now sown to deep-rooted perennial pastures. Long fallows have 
not been practised for many years. 
It is difficult to support the above tree planting recommendations made for such 
recharge areas. Instead, more tree planting, in conjunction with present land use 
systems, as is being attempted, appears the most desirable approach. The aim would 
seem to be to plant as many trees as possible whilst maintaining or enhancing 
agricultural productivity. 
An alternative strategy for the region as a whole, could be to develop agricultural or 
forestry industries much more largely based on the growing of trees, than at present. 
This may be particularly relevant under a system of carbon credits to reduce 
greenhouse emissions. Different avenues of approach could be attempted. These 
I include: 
·1 
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• commercial timber production on areas of suitable soils and rainfall. Suitable 
areas for trees may not coincide with areas needed to be planted for salinity 
abatement. Most commercial forest development in the past has been as a 
result of Government action. Private corporations may not find such ventures 
economically attractive. 
• Government initiatives to increase tree plantings under the Kyoto agreement; 
and in conjunction with National Landcare Program objectives; 
• commercial trading in 'carbon credits' between polluting industries and the 
rural community 
• the development of new types of commercially viable forest industries with 
value adding. 
In spite of the much publicised proposals for large scale tree planting, no such 
programs have yet been put into effect. The small scale programs of encouraging the 
rural community to grow more trees have had support. Farmers and small 
community groups are becoming skilled in tree propogation, and are responsible for a 
large percentage of trees now being planted. Recently there has been a marked swing 
to direct seeding, enabling larger areas to be established. Such initiatives have 
reduced the costs of tree establishment. 
From observations regionally, a feature of recent years has been the significant 
amount of natural regeneration of trees taking place, some on private land, and on 
public lands, and unstoclced areas such as in Kosciuszko State Park. 
The other side to the maintenance of tree cover, is the controversial issue of controls 
on further tree clearing. In terms of the history of tree clearing in the region; although 
there was widespread clearing in the early period of settlement, much country with 
less apparent agricultural potential was left uncleared. Much of this was cleared in 
the 'boom' years of the 1950s and 1960s; often as part of tax minimization schemes, 
as the tax law existed at that time. Although clearing has continued in some areas 
since then, it has never been on the scale as in that period. While regulations on tree 
clearing maybe needed, a more cooperative approach than the implementation of 
SEPP 46 (1995), seems warranted. The latter regulations were introduced without 
any prior consultation with farming groups, and received little support from them. 
5.1.2 Grassland management 
As observed in this study, the subsequent grazing management and depletion of 
native pastures following clearing, more so than the original clearing, appears largely 
responsible for some local salinity problems (Nicholson and Seis, 1993). 
Pasture improvement in some form has been attempted over approximately half of 
the study area. Much of the remaining native pasture has been invaded by introduced 
species and may have been top-dressed with superphosphate at some time. The area 
of purely native pasture remaining is small. Pasture improvement based on 
introduced species expanded greatly in the 1950s and 1960s but probably reached its 
peak by the mid to late 1970s. Increased cost of inputs and reduced marginal 
productivity, with stocking rates reaching their apparent limits in some cases, 
together with emerging acidity problems reduced further expansion (P. Simpson, 
pers. comm. 1996). At present, some of the better managers realising the necessity 
for greater areas of improved perennial pastures, are growing one or two commercial 
crops prior to sowing the pasture, as a means of financing their pasture improvement 
program. In some cases this is particularly directed towards meeting the cost of lime 
inputs to correct soil acidity. Until the acidity problems are overcome, it will not be 
possible to develop the vigorous perennial pastures considered necessary in the 
mitigation of dryland salinity (P. Simpson, ibid). 
Under the region's climatic regime, soil moisture is generally ample for late autumn, 
winter and spring pasture growth, but except for the better adapted native species, it 
is generally inadequate for growth in the summer period. The better areas of native 
pasture are frequently heavily grazed with sheep on a set stocking basis during this 
- -- ----- ------ - _: -- --· 
period. Temperatures are generally too low over much of the region for pasture 
growth during June-July- August. This period frequently coincides with the period of 
maximum soil moisture recharge. In years of high episodic recharge, under a pasture 
regime, significant losses to through flow, and to deeper groundwater systems could 
be expected during this period. 
The growing of deep-rooted cool season perennial pasture species with their ability to 
reduce soil moisture store, seasonal carry-over and losses to deep drainage has been 
widely advocated. To take up and reduce any carry over of summer soil moisture 
excess, the preservation of existing areas of native pastures has been encouraged. 
There has been considerable investment into research programs for the development 
oflow-input native pastures for this purpose, (e.g. 'Ligule' program, L WRRDC, 
1989-1998). Soil moisture studies across the area mostly affected by salinity show 
that the chance of there being soil moisture adequate for plant growth, or for any 
residual storage accrual to occur in the summer period, is approximately one year in 
three. When this does occur, native and naturalised species, particularly broad-leaf 
weeds, quickly respond to the improved soil moisture situation. Under these 
circumstances the emphasis being given to, and the degree of investment being made 
in the latter research programs, is questionable. Results from such research programs 
are not yet available. For the present, careful management of the plant growth that 
' 
now occurs in the situation, seems the best approach. 
Many of the research and .investigation programs designed to reduce soil moisture 
carry-over and potential losses to deep drainage conflict with the moisture conserving 
practices being increasingly used to enhance pasture establishment and crop 
production in subsequent seasons. The high crop yields achieved recently would not 
have been possible without such practices. 
Interest has increased in improved grazing management systems in conjunction with 
a move to develop more sustainable and productive systems overall. One such system 
is the 'PROGRAZE' program ( Prograzer, LWRRDC). However, there are limits to 
the amount of water that pastures can use. In a region with maximum recharge 
occurring under cold winter conditions, when pasture growth is largely suspended, 
soil moisture excess, with some losses to surface runoff and deep drainage can be 
expected. Trees, in conjunction with pastures, can contribute to the maintenance of a 
better hydrological balance in this situation. 
The use of deep-rooted perennial pasture species that can tap soil water at depths, in 
place of the shallow-rooted annual pastures, has been put forward as a strategy for. 
reducing dryland salinity (Angus et al. 2000). The 'deep-rooted' perennial species 
. proposed are the same species recommended in pasture mixtures in the area over the 
last forty to fifty years. The annual species to be replaced are the annual legume 
element, more particularly Subterranean Clover. In the past, these species have been· 
combined in mixtures to provide what was considered a balanced permanent pasture. 
Although the grass species recommended may be 'deep- rooted,' most of them have 
the capacity to be productive under less permeable soil conditions, including those 
normally associated with salinity development, and are suitable for growing over 
most of the region. Species such as Phalaris tuberosa have the capacity to dry out the 
soil at depth following the winter recharge period. 
The annual legume component makes a major contribution to meeting the seasonal · 
feed requirements of stock, particularly the protein needs, and with the capacity to 
build up soil nitrogen, assists in meeting the nitrogen requirements of the perennial 
grass component. They respond quickly to the early seasonal breaks of rainfall. 
Where well managed, legumes have the capacity to use a large part of the soil 
moisture particularly early in the season before the 'wetting front' has moved down 
to depth. Because they are 'not deep-rooted' it does not mean that they cannot have a · 
significant influence on the soil water budget. Good management practices, including 
rotational systems, can reduce the side effects of acid leaching and the build up of 
soil acidity. Their use should not be discarded, but incorporated more strategically in 
the fanning system, so that their value can be used to best advantage. Balanced 
pasture mixtures are better able to meet the nutritional requirements oflivestock, and 
the range of species in them can better balance out the varying conditions 
experienced over the course of the season. Because of their suitability for growing 
over most of the cleared grazing lands within the region, the use of the above pasture 
.mixtures should be extended across the region. This would have a greater overall 
impact upon the water balance. 
The preservation and better management of the remaining native pastures, and the 
extension of the use of acid-tolerant native grass species in the more rugged uplands 
areas with shallow infertile soils, is seen as an alternative to the use of above high 
inp11t pasture improvement programs, with their associated acidity problems. 
Current research is being directed towards identifying low input native grasses which make 
better use of water and nutrients because they grow at a time when most other pasture 
species are dormant or have died off, ('Ligule', 1989-98). fu practice the two pasture 
development strategies could be used in conjunction. While the use of native pastures may 
appear to provide the basis for more sustainable systems; the development of high input 
pasture improvement programs may be necessary for farm viability in many instances. 
For salinity abatement, the growing ofLuceme, Medicago sativa, in upland recharge 
areas has also been advocated. As a vigorously growing deep-rooted perennial 
legume, luceme has an outstanding ability to use water at depth in the soil. It can be 
grown for harvesting as fodder, or for grazing; or it can be grown as a constituent of 
perennial pasture mixtures. However it grows best on deep permeable non-acid soils. 
The solodic type soils which occur widely over the region and as shown here to be 
associated with salinisation, because of shallow impervious sub soil horizons, are 
generally unsuitable for its cultivation. This significantly limits its use within the 
region. When grown for grazing, either alone or in pasture mixtures, it must be 
rotationally grazed. Continuous stocking has been shown to completely kill out a 
well established luceme stand within a single growing season. It would not withstand 
set stocking as widely practised in this region. Under rotational grazing it is a most 
productive plant, particularly in combination with Phalaris tuberosa. They both are 
deep-rooted perennials capable of drying the soil out to depth. Both, together or 
singularly, could make a valuable contribution to salinity abatement in the region 
(Angus et al.2001). Once established, Lucerne is extremely drought tolerant. 
Well planned fodder conservation and supplementary feeding programs are also 
essential to good grazing management. Such measures reduce the denudation of 
ground cover, both in recharge and discharge areas, during droughts and dry periods, 
and must be considered as part of any overall strategy to address salinity. 
5.1.3 Crop production 
In the early period of settlement, many small areas low in the landscape, such as 
footslopes and drainage depressions, were cultivated for crop production by the early 
settlers. Many of these areas subsequently became degraded by erosion, and in some 
cases became saline. Also from the time of first settlement on the tablelands, some 
larger treeless areas, where there were few impediments to cultivation, were quickly 
brought into production, mainly for wheat, to meet the needs of the growing colony 
(Case Study Site 17, Bungonia). Other more extensive woodland areas of favourable· 
topography were also cleared and cropped (M. Dowling pers. comm. 1993) . 
. The cultivation of small areas has now generally ceased, all production now being of 
a broad-scale nature and more in keeping with land capability. However, the legacy 
of earlier unwise land use is still evident in the landscape. 
In the 1950s and 1960s in the interest of soil conservation, except for some· of the . 
more favourable landscapes such as Boorowa, cropping to some extent was· 
discouraged over the Tablelands. In later years with the development of conservation 
tillage practices and improved fallow and rotational systems there has been renewed 
interest in cropping in some areas NSW Agriculture 'Topcrop' program, (F. Leech 
pers. comm. 1999). The introduction of winter wheats may give further impetus to 
this development. The recent unprofitability of livestock enterprises has forced many 
farmers to look at alternative sources of income. Some of the more progressive 
farmers using the new technology have moved into cropping on a permanent basis 
over parts of their properties where soils and terrain are suitable. Others are growing 
two or three crops prior to establishing improved pasture as a means of financing 
more productive grazing management systems. 
The new technology has been used to good effect, particularly around Boorowa 
where high yielding crops capable of utilising high levels of soil moisture, are being · 
produced. Field trials, under the same rainfall conditions, have found that a 4 t/ha 
wheat crop would use 250 mm of water during the growing period compared to 125 
mm for a 2 t/ha crop, with significantly reduced losses to deep drainage, Fig. 5.1 
(Cresswell et al. 1993). 
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Figure 5.1 Water Balance Observed in Field Trials for Wheat Crops. 
Growing 
season Water used 
rainfall Evaporation Runoff by crop Drainage 
= i~·D ~D 
41/ha 
wheat 
} crop 
~ 
350mm 160mm 
350mm 80mm . 
15mm 125mm 50mm. 
6mm 250mm 14mm 
The above data were based on soil moisture measurements at the beginning and end 
of the growing period, with estimated soil drainage being the residual. However more 
recent work in which soil drainage has been actually measured, supports these 
estimates (J. Kirkegaard pers. comm. 2000). Recent developments indicate that.there 
may be feasible alternatives to the widespread tree planting proposed for the region 
(Angus, 2000, Angus et al. 2001 ). These may be more in keeping with the individual 
fanner's equity and personal goals and objectives. 
5.2 Developments in Treating Dryland Salinity. 
While regional initiatives and community-wide programs may be essential to the 
comprehensive management of salinity, the fact that localised treatments, frequently 
within the boundaries of a single property, are successful in achieving rehabilitation 
oflocal outbreaks, suggests many of the problems in the south-east region ofNSW 
may not be regionally driven. 
Currently small scale community-based programs are being carried out in the region, 
such as that as being undertaken by the Landcare groups in the Boorowa River 
Catchment. The aim of this program is to 'minimise' recharge to watertables, and at 
present all the recommended practices or 'best bet' options are being used. Most 
treatments applied are within the scope of the fanner' s own resources. More 
expensive forms of site treatment, such as engineering solutions involving sub-
surface drainage systems, have been avoided. While a number of such community 
programs as the above have been very successful, others have not. The reasons for 
failure require further examination. In some situations the treatments applied may 
have been inadequate, or there may have been lack of necessary follow-up work and 
proper subsequent management, or in some cases seasons may have been 
unfavourable to rehabilitation. However more knowledge for the treatment of the 
problem is also needed. This lack of success increases the reluctance of some 
landholders to attempt rehabilitation programs. 
Although the practices being carried out under the above programs are beneficial in 
themselves and may achieve reductions in watertable recharge and salinity 
development, such programs need to be assessed in terms of the wider goal of 
achieving greater agricultural sustainability. It has been observed at the individual 
property level that the overall sustainability in some cases is being neglected because 
of the pre-occupation with the salinity problem. Ideally there should be no 
incompatibility between such goals. 
Amongst many farmers there is a lack of knowledge of the best management 
practices, or of how to integrate or adapt them into profitable and sustainable 
management systems (Landscape of the Future, Forum UMCCC, 3117/97). The 
reduction in Government extension services in recent years has not helped. Doubt on 
the value of some research findings, however, also makes farmers reluctant to adopt 
the recommended practices. 
While the different Landcare groups are carrying out projects across the region, the 
efforts of these groups are largely uncoordinated, each having their own particular 
goals. Further assistance to these groups and policies to more effectively coordinate 
their programs, would assist in the overall mitigation of salinity. 
As shown in the case studies, a number of individual landholders within the region 
have overcome dryland salinity problems on their properties whilst remaining viable. 
Initially their primary objective was to develop more productive and sustainable 
farming systems, not a singular concern with salinity. It was accepted in developing 
their systems that most land degradation and livestock management problems were 
interrelated, and a 'whole system' approach was needed. 
5.3 Cost of Dryland Salinity Abatement 
The cost of salinity abatement and management programs have frequently been 
considered beyond the means of individual landholders (Powell, 1992;.Pannell, 
2001). However much of the anticipated costs in such estimates were based on 
planting large areas of the individual farm or catchment to trees at a minimum 
estimated cost of $1000 per ha. with little prospect of such costs being recovered. As 
found from the above case studies, this may not he necessary in the South-East 
region, and more economically viable approaches may be possible. 
Some of the programs undertaken using public funds by such bodies as the former 
Soil Conservation Service ofNSW, particularly in the Shoalhaven catchment, have 
involved the intensive treatment of the affected saline sites. These incurred extremely 
high expenditure on an individual property basis. On the two case study sites 
examined, total costs across the total area of the properties concerned, were more 
than $500 per ha, as against an estimated current market value of the land of$470 per . 
ha (K.Grady, NSW State Valuation Office, pers. comm. 2000). The intensive 
treatment of the actual salinised discharge areas cost much more than this. Much of 
the cost involved was in soil conservation structural works. To apply such a program. 
across every affected property in the upper Shoalhaven catchment would require a 
massive input of public funds. 
Powell (1992) in his initial estimates of expenditure in the Boorowa River catchment, 
envisaged an expenditure of $250,000 per property over a ten-year period, with total 
expenditure of $50 million for the catchment. Of this, approximately $32 million 
would be on trees, and $16 million on perennial pasture establishment. He concluded 
that this was beyond the reach of the local rural communities, even if subsidised on a 
'dollar-for-dollar' basis. This applied particularly at Rye Park in the Pudman Creek 
sub-catchment. Subsequent economic evaluation by Hill (1996) gave a significantly 
lower figure, principally as a result of improved technology in tree establishment, hut 
still represented a substantial commitment both from public funds, and the private 
landholders involved. Individual landholders at Rye Park have achieved a large 
measure of control of dryland salinity at a cost much below that estimated by Powell. 
While cost estimates vary, treatment of individual salinised sites by former the Soil 
Conservation Service ofNSW, as actually incurred at a site in this work, Case Study 
Site No. 6 Gorham's, has generally cost around $4000 to $5000 per ha. The 
expenditure at such levels extrapolated across large catchments, would not appear 
economically feasible. Much of the land requiring treatment is poor quality grazing 
land, with low market value. 
A number of individual landholders using a less intensive approach, have been able 
to achieve a large measure of control of the problem, entirely out of their own 
resources. This has generally been achieved within the context of the overall 
management system employed on the property. Mostly, the primary objective has 
been to develop a more sustainable and productive property, not a singular concern 
with salinity. In one such case at Rye Park, treatment of saline areas resulted in an 
additional cost of $200-$250 per ha above normal levels of expenditure on property 
development and pasture improvement programs (A. Southwell pers comm. 2000). 
Several other landholders at Rye Park have achieved similar results. Costs could be 
considerably more if severe soil erosion also has to be treated. Pockley (pers. comm. 
2000) advised that treating salinity was only a small part of the total cost of treating 
soil conservation problems on his property, possibly 5 per cent (Case Study Site 15). 
More recently, assistance through Landcare groups is helping farmers implement 
such programs. These programs carried out by individual landholders, appear to be 
more assured oflong-term success than those carried out by the public bodies, where 
frequently there does not appear to be any provision for long-term management. 
Most of the above programs carried out to date have been concerned with 
rehabilitating or containing salinity on a property basis. The wider public programs 
envisaged have as their principal objective, reducing the perceived regional 
progressive spread of salinity. There are two important aspects to such programs. 
• to be most effective they should largely ignore property boundaries in the 
application of measures across catchments. 
• properties and landholders that have little or no evident salinity may be 
expected to cooperate in such programs. 
Recently, however, it has been challenged that the above externalities are so 
important to the treatment of salinity (Pannell et al. 1999). They found in Western 
Australia that much of the dry land salinity is associated with local aquifers, and 
farmers can, in many circumstances, act to prevent salinity within their own farms 
without requiring cooperation from their neighbour. Likewise, the impact of 
preventative treatments on farms where the problem does not exist, may be small. 
The above findings appear to agree with observations made as to the localised nature 
of salinity in the south-east region, and its response to local treatment, as found in 
this study. 
Some form of financial assistance or inducement may be needed to obtain farmers' 
participation in public programs. The limited forms of assistance to date through 
Landcare groups have had a favourable response. Earlier in NSW, long-term, low 
interest loans for soil conservation works based on a farm plan, gave a great stimulus 
to soil conservation programs. Similar assistance with low interest loans, based on 
cost/benefit analysis with only pay back of interest in the initial years may encourage 
participation. Whilst a quick return in terms of cost/benefit might be expected from 
sowing deep-rooted perennial pastures, benefits from tree planting would necessarily 
be slow and terms would need to be set accordingly. In Western Australia, farmers 
expressed scepticism about taking up loans of this type for planting quick growing 
eucalypts in recharge areas because there appeared to be no guarantee that they would 
ultimately be permitted to harvest the timber for commercial purposes (Farming 
group, pers. comm. Katanning, WA, September 1992). 
From the above, it seems that there is much to be gained by giving financial 
assistance on a property to property basis in areas where there are obvious salinity 
problems. From experience in the south-east region, individual farmers are often 
prepared to make a financial contribution far in excess of any other financial aid 
given. Also they have a personal commitment to the success of any programs. On the 
other hand it seems that the externalities of any proposed public-funded, regional 
programs need to be carefully examined, before they are put into effect (Pannell et al. 
1999). 
5.4 Farmers' Perspectives on Salinity. 
Landholders' concern about salinity varies within the region. Many consider that 
since only small patches on their property are affected, and these have not worsened 
over the years, and appear difficult and costly to fix, they are not worth spending 
money on. While affected areas may wax and wane from year to year without 
showing any significant spread, and have little impact on the overall viability of the 
farm, the situation is accepted. 
At other sites, such as at Bevendale, landholders have observed a noticeable spread in 
some areas. While concerned about the problem, they consider, particularly the older 
landholders, that they are not in a position to do much about it. With declining rural 
incomes, and an ageing farm population, the problem takes on a more acute 
economic and social dimension. Salinity is only part of the land degradation 
problems and rural decline within the area. However a small number of younger 
more able landholders, some with outside financial resources, are endeavouring to 
mitigate the problem as part of an overall improved management approach. 
Active Landcare groups in the adjacent Rye Park and Boorowa areas have dryland 
salinity as their main focus. Impetus is being given to their work through public 
funding, largely because of the concern about stream salinity in the Upper Lachlan 
River system. Prior to the setting up of such groups however, there was a small 
number oflandholders in the region working independently to overcome salinity 
problems. For the most part this was seen as essential to sound overall property 
management. One landholder at Rye Park had returned a saline area to productive 
grazing land, and another considered a former saline area was now the most 
productive part of his property (Southwell, 1999). The latter considers that the 
favourable soil-water relationships on such seepage areas adds to their production 
potential, and costs and treatment of them were manageable. It is evident that setting 
up of the Landcare groups increased awareness and concern about the salinity 
problems and was the stimulus to community action. 
Much media attention has been given to dryland salinity, its potential for spread, and 
the ultimate consequences for the environment. While landholders in several areas 
have given support to Landcare groups set up to combat salinity, others are 
disillusioned by the assessments and projections made and are sceptical about the 
wider perceptions of the problem. Many see salinity as a minor local problem within 
their own property or locality and not one of wider concern. Others agree that it must 
be a serious problem in some areas but not in their own. 
A study by Dunn and Grey (1992) in the Young area, immediately west of this 
region, generally supports the observations in this study. Many landholders and some 
professional agriculturalists do not rank salinity highly as a land degradation 
problem. Other problems, such as soil erosion, weed control or soil acidification are 
ranked higher. Economic problems were also of much greater concern (Fig. 5.2). A 
conclusion from the survey by Dunn and Grey was that there was some evidence of 
confusion and lack of interest in salinity as a problem. 
Figure 5.2 Ranking of Farm Problems. Farmers Perceptions of Dryland 
Salinity in the Southern NSW Wheatbelt (Dunn & Grey 1992) 
Farm costs .__ ____ .... I 2.3 
Interest rates .___ ____ .... f 2.6 
Soil erosion .___ _________ ,4.1 
Noxious weeds ___________ ...... 14.2 
Soil acidity ____________ ,4.5 
Rural roads ...__ ___________ ....... 14.8 
Soil salting 5.4 
Mean rank score 
(score 1 = most concern, score 7 = least concern) 
There are a small proportion of farmers in the study region who, while not seeing 
salinity as a significant problem at present, regard it as a potentially serious one of 
wider community concern, and are prepared to give measures to counteract it a higher 
priority in their programs. 
Another group of progressive landholders, who practise new grazing management 
systems such as 'time-control grazing' or 'cell-grazing' consider that their systems 
will counteract the salinity hazard. The systems discourage severe grazing and 
endeavour to optimise plant growth and capacity for regeneration, and the 
maintenance of an 'effective water cycle'. Under such systems any soil moisture 
recharge is regarded as an added opportunity for increasing pasture production 
overall. They cite examples of regeneration of previously scalded areas under these 
systems (G. Cook pers.comm. 1994). 
Many landholders will have to be given more convincing evidence of the need for 
public programs, and more assurance that the programs they are being asked to 
support or adopt will be effective, within a reasonable time frame and cost. This.is 
even more the case where the proposed programs are of catchment wide or regional 
dimension with longer response times, and where they may be being asked to adopt 
measures on their properties where there may be little or no obvious signs of salinity. 
The success of Landcare shows that farmers do have a concern for the environment, 
and are prepared to cooperate in groups for its restoration. Building on such groups 
with programs to widen their awareness of resource management issues and 
problems on a wider or regional scale would provide a good starting point for future · 
initiatives. While financial assistance may be necessary, financial inducements 
should not be a substitute for genuine commitment. 
At the national level, recent attention has been focused on the need to create an 
operating environment that will improve their management of dryland salinity, and 
give incentive to land managers to change their land use and management. To create 
such an operating environment requires decisions by the Federal and State 
Governments. More research and development (R&D) is also seen as necessary to 
develop better technical support and associated policy mechanisms. 
The potentially serious nature of the problem has been highlighted in extension 
material and in the media to such an extent in the last decade that the wider 
community sees salinity as the most serious environmental problem. The Y ass Valley 
and Upper Lachlan Catchment are seen as 'the salinity capital ofNSW'. For a more 
rational approach more knowledge is needed of the actual salinity situation. 
An element that may have an impact on the problem and on programs for its 
rehabilitation in future years, is the great amount of rural subdivision that has 
( 
occurred in the region. In the Y ass Valley the number of separate holdings has 
increased from approximately 130 in the 1960s to more than 900 today. In the Upper 
Shoalhaven Catchment, land extremely affected by salinity and incapable of 
supporting anything but the most salt-tolerant plants, and other areas prone to 
salinity, have been subdivided and sold. A great disparity in the level of management 
exists across all these subdivisions. Whilst many of the occupiers may see themselves 
as conservation-minded they have little conception in practice of what is sustainable 
or desirable. How such developments will impact on the problem of salinity is 
difficult to gauge. 
Kent (1993) concluded from his Victorian experience, 'lffann business managers do 
not see salinity as a relevant priority, there is no point focusing efforts around it. 
Instead we should be supporting approaches which will increase water-use-efficiency 
and long-term fann sector viability. In so doing, we will have dealt effectively with 
dryland salinity'. 
5.5 Stream salinity 
Stream salinity is considered the major off-site impact of dryland salinity. It is seen 
by some as ultimately the most serious consequence of salinisation. Studies by the 
Murray-Darling Basin Commission (Salt Trends, 1997) show both increasing saltload 
and salinity levels in streamflow in major rivers over the last 20-25 years, particularly 
in some rivers draining southern NSW catchments, including the Lachlan River, of 
which the Boorowa River is a tributary. Based on the hypothesis that dryland salinity 
will progressively expand to ultimately affect a much greater area in the Basin, it is 
projected that 25 percent of the future increase in salinity in the Murray River will 
come from dryland, upstream tributary catchment sources (MDB, The Salinity Audit, 
1999). 
A hypothesis made in the above Salt Trends (1997) study is that 'where salt is being 
supplied to a stream at a reasonably constant rate (such as groundwater discharge, or 
a point source input), a decrease in concentration would be expected to accompany 
an increase in stream flow. For the episodic supply of salt to the stream, such as from 
wash-off from soil surface accumulation or from sub-surface storm flow following a 
long dry period (e.g. low rainfall summer season), the salt concentration may rise 
initially with increasing stream flow. Difficulties in interpretation arise when both of 
these processes are acting concurrently though with different lag times'. 
The above studies indicate that in the Lachlan River, the salt appears to be mobilised 
in the upland parts of the catchment, including the Boorowa river sub-catchment. 
Observations by the Department of Land and Water Conservation (DL WC) NSW, 
1997, showed massive increases in saltloads at the confluence of the Lachlan and 
Boorowa Rivers following storm rains. This suggests that the wash-off of salt from 
salinised soil surfaces and sub-surface storm flow are responsible for such increases. 
In similar studies in Victoria (Murray-Darling Basin Commission, Salt Trends, 
1997), the major component of stream saltload was attributed to salt washed from 
soils by rain-driven overland flow. This provides the link between the isolated 
scattered development of dryland salinity on farm properties within the catchment 
and increases in stream salinity. However the MDBC report also notes the apparent 
relationship between groundwater salinities and the distribution of stream salinity. In 
the case of the Lachlan River in particular, the increase in groundwater discharge 
produced by rising groundwater levels provides an increasing source of salt to 
streams. A closer study of the salt balance in the (Lachlan) basin is needed. 
The foregoing suggests that whilst programs for the overall improvement of 
catchment hydrology are necessary to reduce salinity being supplied to the streams by 
groundwater processes, programs of a more localised nature are needed to 
rehabilitate salt-affected areas and to prevent further surface salinity development as 
a means of reducing the periodic massive salt flushes.to streams. 
In regard to other river systems in the region, a preliminary examination of recent 
water quality data for the Yass River, 1996-1999 (Department of Land and Water 
Conservation,Yass. Unpublished data. 2000), when compared to earlier studies (Joint 
Planning Committee, Report No. 3. Water Resources of the Yass River Valley, 
YV0.1958, & J. Basinski, 1960.) suggests that there has been little change in salinity 
levels between 1957 and 1996-1999. More studies are needed. 
Programs for the abatement of dryland salinity in the landscape would provide the 
basis for the reduction of stream salinity, from surface sources. Because of the 
externalities involved, affecting the wider downstream community and national 
interests, more extensive programs may be necessary in upland areas, with private 
landholders having to accept a higher level of intervention. Stream salinity also 
provides the link between dryland and irrigation salinity, and adds weight to the call 
for wide-ranging comprehensive salinity abatement programs. 
If, however, the progressive spread of dryland salinity, as being projected by the 
Murray-Darling Basin Commission (1999), does not occur, increases in stream 
salinity from this source should be relatively less, and the future stream salinity 
problems may not be of the magnitude being projected. Upon review, some 
modifications to proposed abatement programs may be justified. 
Although the dryland salinity hazard as it affects rural lands within the catchment 
may not be as great as envisaged, the question of rising stream salinity adds to the 
problem, and the need for its mitigation. From the long-term viewpoint, the 
development of more sustainable farming systems appears to be the most sound 
means of mitigating dryland salinity problems within the catchment. 
Research in progress in the region shows that large scale afforestation ( softWood 
plantations) can result in reduced catchment water yield. The affect of this on stream 
salinity is being examined (Zhang, 2001). 
5.6 Research and investigation 
The deep groundwater recharge model has been the dominant model driving dryland 
salinity research in Australia in recent decades, with tree clearing since European 
settlement seen as the chief cause of the development of secondary salinity. Under 
the model, salinity will progressively spread on a regional scale, with a 60-fold 
increase in NSW in the area currently affected. It will similarly require measures at 
the regional level to address it. The chief remedy proposed is restoring tree cover. 
After 17 5 years of European settlement with much of the clearing, assumed to be the 
cause of deep groundwater rises, having taken place early in the history of settlement, 
and the vagaries of the climate since that period, it seems that such a pattern of 
salinity development should have already manifested itself in the landscape, at least 
in some areas. This is not evident. The research methods and raw data on which the 
above projections are made are not available for scrutiny (Angus, 2000). 
More recently, attention has been turned to the need to assess the significance of 
episodic 'recharge events' on salinity management (Murray-Darling Basin, 1993). It 
seems that this should also incorporate the apparent episodic nature of salinity 
development. The fact that groundwater levels are now reported to be falling in some 
areas in the region, where they were previously steadily rising, suggests that in the 
light of former projections some reassessment may be warranted (P. Parker pers. 
comm. 1998). 
Little attention has been given to the effects of the depletion of ground cover on 
salinity development, or of its restoration and management in treating dryland salinity 
(Jones, 2001). While the planting of deep-rooted perennial plants in recharge areas to 
use more water has been advocated, the role of ground cover itself has not been 
seriously investigated. As shown in the case studies here, improved ground cover 
management may be a principal factor in overcoming salinity. Within this region 
where approximately 90 percent of the land is cleared and predominantly used for 
grazing, more attention to ground cover management of this area, may contribute 
most to the mitigation of salinity and associated problems. 
On cropping areas, wider application of cropping systems and perennial pastures with 
the potential to reduce losses to deep drainage, should also be further investigated 
(Angus, 2001). 
With more research, less dependency on tree vegetation in salinity programs, in both 
the grazing and cropping situation, may become apparent. This would have very 
significant implications, from all aspects in future programs. 
Attention has been focused on recharge and how it may be reduced, but little work 
has been carried out on discharge, or how saline sites actually develop (Hook, 1992). 
Limited explanations have been proposed as to why one discharge area may become 
saline, whilst another area with a common landscape attributes and a common 
recharge area, does not. Also why do saline areas appear to have spatial limits to their 
expansion, appear episodic in their initiation across landscapes, or may wax and 
wane from season to season over the years? The processes that apply to these sites 
requires further study. The literature frequently claims that groundwater becomes 
highly charged with salt prior to salinity development. Direct evaporation on denuded 
ground surfaces in discharge areas can readily concentrate even dilute solutions of 
salt to toxic levels in surface horizons, and at the soil surface itself. Examples of this 
were seen in the chronology of salinity development on many sites in the study area. 
Prior surface denudation appeared largely to explain why one vulnerable site became 
saline and another did not. The role of soil surface evaporation, as distinct from 
evapotranspiration, in conjunction with capillary rise and the counter-effects of 
infiltration needs to be more closely examined. Practices which minimise direct 
surface evaporation have been shown to be effective in the mitigation of all forms of 
salinity. Evaporation could almost be labelled the 'forgotten process' in dryland 
salinity studies. How salts may be mobilised, remobilised, concentrated or diluted, 
requires further examination. 
Traditional methods used in research in past periods are largely seen as unable to 
meet the urgency of the situation in regard to dryland salinity, or provide information 
on the scale required within the resources available. Most current research relies on 
computer models, often based on limited field data. Whilst such modelling may 
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provide an indirect guide, misinterpretation can occur. Similarly the use of rapid 
appraisal techniques for dryland salinity, such as that applied in the Upper Lachlan 
Catchment, are of doubtful value. Care must be exercised in using information 
provided by such techniques as a basis for broad-scale public policy. More 
biophysical data and longer investigation of processes and mechanisms with more 
refinement in some techniques are needed. Long-term monitoring is fundamentally 
important in the treatment of dryland salinity. 
Recently, a growing scepticism has been detected amongst landholders of the 
projections made as to the potential spread of salinity, principally based on the 
regional groundwater model, and there is a growing confidence that they can 
overcome their salinity problems at the local level. Recent advances in developing 
improved grazing management systems and cropping systems, supports this 
optimism. 
6 CONCLUDING REMARKS 
This study aimed to examine the extent and rate of spread of dryland salinity in the 
South-East Region of NSW. Two models of dryland salinity were examined. The 
first, based on earlier research, sees dryland salinity in the region as being associated 
with non-alkaline sodic duplex soils with impermeable B horizons and located in low 
footslopes, drainage depressions and areas adjacent to watercourses. Salinity 
outbreaks occur in seepage zones in these landforms and are driven by local up-slope 
recharge. The source of salinity is the soil itself or underlying rock materials. In this 
model salinity outbreaks are limited and episodic, being driven by climate and other 
extrinsic factors, such as land management. 
The second, now widely accepted, model is that salinisation is the result of rising 
regional groundwater caused by clearing of native vegetation, principally trees, in 
regional recharge areas. In this model the potential for spread is considerable and the 
rate of spread is progressive. The source of salinity is the groundwater itself. 
The models have significantly different implications for salinity abatement. In the 
first, local treatment of recharge and discharge areas should be effective. In the 
second, replanting of recharge areas with trees on a regional scale is called for, often 
to up to 50 per cent of the region. 
The time scales for salinity outbreaks are also different. In the first model salinity 
outbreaks can occur within one to several seasons of the initial changes in land 
management, depending on the climate. In the second, responses of the regional 
groundwater may involve 50 to 100 years or more. The first model was largely based 
on field observations. The second relies on models developed principally in Western 
Australia, and uses computer modelling for prediction of rates of spread and 
treatments required. Dryland salinity is a complex issue, and in some areas, both 
models could be operating. 
This study used field observations to investigate dryland salinity in an area often 
referred to as the NSW salinity capital. Aerial photography starting in the 1940s was 
used to examine the outbreak and rate of spread of salinity at selected sites in the 
upper headwaters of the Lachlan, Murrumbidgee, W arragamba and Shoalhaven 
catchments in an area with a mean annual rainfall of 600 to 750 mm/y. Site 
inspections and interviews with farmers in the region were also undertaken. 
This study has found that: 
• Dry land salinity affects only a very small proportion of the total area in 
the South-East Region, with less than 0.5 per cent of the northern part, 
where it occurs, affected by salinity. 
• Isolated outbreaks of dryland salinity in the region had occurred prior to 
1900. 
• There was a relatively large increase in the area of land affected by 
salinity in the period from 1950 to 1970 which coincided with higher 
rainfalls in the region. 
• The area of dryland salinity after reaching its maximum extent by the 
1960s, declined, in terms of the area affected, by the end of the period of 
observation in 1986. There was no evidence of a continuing progressive 
spread, as associated with a regional groundwater rise. 
• Outbreaks of salinity were largely episodic in nature. The fluctuations in 
spread could be more closely associated with annual patterns of rainfall, 
in conjunction with the land use and management in the localised 
recharge area. 
• Salinity outbreaks in the region were largely restricted to particular soil 
types. These were non-alkaline sodic duplex soils, occurring over 
Ordovician metasediments. A feature of these soils is seasonal 
waterlogging and lateral downslope seepage over an impervious 'B' 
horizon. 
• Dryland salinity is restricted to localised seepage discharge areas in the 
landscape, mostly isolated from other similar outbreaks. Often, after early 
rapid development, there is usually no spread beyond these landscape 
elements. 
• Improved land use and management practices, by landholders at the local 
recharge level, have been successful in mitigating dryland salinity, often 
within a relatively short time. Successful results have principally 
depended upon improved ground cover management, not restoring trees. 
• Land use on the discharge site themselves, appears to be a major factor in 
salinity initiation. Denudation of these areas either by cropping or 
overgrazing, permits greater surface evaporation and the concentration of 
salts to toxic levels in surface horizons. Practices or measures that 
minimise direct surface evaporation have been shown to be effective in 
mitigating salinity. 
The above findings are consistent with the earlier model that salinity is due to local 
waterlogging in shallow soils with relatively impermeable 'B' horizons due to local, 
lateral downslope flow. They do not appear to support the model of purely regional 
groundwater discharge. The risk of salinity occurring is influenced by a range of 
factors, some of a localised nature, not accounted for in such a model (Dahlhaus et al. 
2000). 
Under the more recent model, based on rising regional watertables, a progressive 
spread of dryland salinity will occur across the landscape, irrespective of the soils and 
varying landscape elements encountered. Projections made from this model, shows 
no agreement with the nature or rate of spread in the past, or currently. 
The success achieved by progressive farmers in treating dryland salinity through 
discharge zone management as well as recharge management is encouraging, and 
points to the future. In most cases, however, the primary objective of these farmers 
was not simply to control salinity, but to develop more productive and sustainable 
farming systems. The success also shows that other farmers should not become too 
discouraged as to what might be achievable in salinity mitigation, within their own 
local situation. 
In the final analysis, the spread of salinity in the South-East region is unlikely to 
reach the projections made based on the regional groundwater model, it is a 
manageable problem, but should not be treated in isolation from other land 
degradation problems. The reduction of the dryland salinity hazard does not depend 
on a singular approach, but the development and wider adoption, of more productive 
and sustainable farming systems, which are also complementary to overcoming 
associated land degradation problems. These represent, not so much new farming 
systems, but improved farming systems. Technology is being developed that could 
provide the basis for such systems. Means must also be found to foster their wider 
adoption. 
I 
Finally with water so much a limiting factor in Australian agricultural production, in 
conjunction with achieving an improved hydrological balance, it is also imperative to 
optimise water use for agricultural production, as opposed to simply maximising its 
use with the single objective of reducing recharge to deeper groundwater systems. 
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Appendix 1 
Groundwater Levels - Yass Valley and Boorowa 
Reconnaissance Survey - 2515198 - 616198 and 8112198 
• G Longley "Merilbo", Barton Recharge Area (Nicoll and Scown, 1993), Yass 
Valley 
G Longley. Level of main bore changed little since he came there - 30 years ago. 
Sam Longley. Last winter rose to I. Im. Reading on 5/6/98 was 2.265m. Fall of 
l.165m. Fallen from about 1.68 to 2.265 (5/6/98) since last summer. Since "Salt 
Action" measurements from 1989 - the highest it has risen to is 0.9m. Fluctuates 
from season to season around a mean of l .6m. Now the lowest level measured 
since commenced measuring under "Salt Action", i.e. 5/6/98. 
G. Longley. Country improved with direct drill - no run-off; all going into crops. 
It should continue to improve. 
S. Longley 5/6/98. Under "Top Crop" program, do soil tests, correct pH, 
maximise inputs to maximise output or yield. Only limiting factor is rainfall. 
Need as much as they can get to maximise production. 
• David Hodgkinson, "Vale View", Gums Flat Lane Recharge Area (Nicoll and 
Scown, 1993), Yass Valley, 5/6/98. Main bore installed 1982. 21m deep, 150mm 
casing. Original height approx. 0.6m above ground level. Added more pipe. 
Very wet year - level rose to approx. 2m above ground level. Has now dropped 
back to below the original level of72.0m. 
Bore supplies whole property; pumped at rate of750,000 litres per week during 
three months of summer. Has not pumped since April 1998. Level has fallen 
back to present level and not risen again. Generally, over the year fluctuates 
seasonally about present level. Country drier than it used to be, particularly water 
courses; effect of improved pasture. Phalaris sp. - much superior water 
utilisation compared to native pastures. 
• M. Walker, "Ledgeworth", Gums Flat Lane Recharge Area,Yass Valley, 5/6/98. 
Spoke to Larry Tilley. Been there 12 years. New bore 12 years ago on O'Briens 
Creek. May have dropped a little in recent years. Not risen - springs on low 
slopes dried up last 18 months to 2 years. 
• John Storey, "Werong", Gums Flat Lane Recharge Area, Yass, 5/6/98. Bore 12 
years old. Through summer pumps full time - 2,200 litres per hour, 400,000 litres 
per week. No change in water level detected. Because of clay subsoil, soils on 
property seldom become saturated below a certain depth. Very impervious 
underlying materials. Only odd small scalded patch on property. Not getting any 
worse. 
• Peter Walker, "Ledgeworth", Gums Flat Lane Recharge Area, Yass Valley, 
8/12/98. 
One bore to 160 feet went dry and abandoned (apparently many years ago?). 
Bore being used dropped to 4m below ground level May 1998. Now overflowing. 
Generally about lm but fluctuates season to season. Flow 2,600 litres per hour. 
(i.e. 400,000 - 500,000 litres per week). 
General. Not much change over last 40-50 years. More bores going in all the 
time (i.e. on Yass Plain including 'Barton' and 'Gums Flat Lane' recharge areas). 
• Boorowa Sub-Catchment, 5/6/98. Roger Clark, "Hillrose". Had not personally 
checked levels for some time but thought they had dropped. Advised check with 
D. Cosgrove (Conservation and Land Management). Roger now considers salinity 
largely local - not regional. 
Discussion D. Cosgrove Roger Clark's five piezometers dropped about 0.4m 
since last season. Y ass Valley also dropped. Y ass Valley Williams Creek - he 
thinks a combination of shallow and deep groundwater associated with salinity. 
All the above landholders have cooperated with the DCLM in monitoring bore 
levels since 1989. This data has not yet been analysed by DCLM (advice D. 
Cosgrove). 
